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A SERO-EPIDEMIOLOGIC INVESTIGATION OF BRUCELLA CANIS 
ANTIBODIES IN SPECIFIED HUMAN 
POPULATIONS IN OKLAHOMA
CHAPTER I 
INTRODUCTION
The epizootiology of canine brucellosis is worthy o f consider­
ation from both the veterinary and the human health standpoints. The 
dog, i f  capable o f serving as a mechanical or biologic vector of 
Brucella organisms, could present a serious problem in the control and 
eradication o f b rucellos is . An infected dog might transmit the disease 
to humans who come in contact with the animal. B rucellae-infected dogs 
could be of serious consequence to the livestock industry as well as to 
human health.
Classical Brucellosis in Dogs 
Numerous reports from many countries have shown th a t dogs may 
occasionally become infected with classical strains o f Brucella i f  the 
dogs run with infected sheep (Brucella m elitens is ) ,  swine ( Brucella  
su is ) , or c a ttle  ( Brucella abortus) . A review o f the lite ra tu re  on 
canine brucellosis through 1951 [1 ] ,  and additional reports [2 ,3 ] ,  
c le a rly  indicate a natural su sc ep tib ility  o f dogs to B rucella . In con­
tra s t with the severe manifestations of brucellosis often seen in c a t t le ,
1
2swine, and sheep, natura lly  occurring canine brucellosis is usually a 
mild disease with v ir tu a lly  no m o rta lity ; however, abortions, o rc h it is ,  
epid idym itis , lymphadenopathy, a r th r i t is ,  and bacteremia can occur [4 ] .
The dog, lik e  man, appears to be a terminal host fo r the c las­
s ical stra ins o f Brucella. The spread o f Brucella from diseased dogs 
to other animals by contact has been reported, but d ire c t transmission 
usually could not be demonstrated [5 ] .  Dogs have been infected experi­
mentally w ith e ith e r Brucella suis or Brucella abortus by intravenous 
or in traperitonea l inoculation [1 ] .
Canine Brucellosis Due to Brucella Canis 
History
P rio r to 1964, canine abortions o f epizootic proportions were 
considered of l i t t l e  concern to dog breeders and veterin arian s. About 
1962, according to breeders, an unusually high frequency of abortion  
began to be observed in kennels o f Beagles in the Midwest and South. 
During 1964 and 1965, breeders throughout the country began to notice  
abortions in th e ir  dogs (reviewed by Carmichael and Kenney [ 5 ] ) .  In 
October, 1966, Carmichael called a tten tion  to th is  widespread abortion, 
apparently due to Gram-negative coccobacilli [6 ] .  By 1968, the disease 
had been diagnosed in more than 800 dogs in 38 states [5 ] .
The e tio lo g ic  agent was quickly id e n tif ie d  as a species o f 
B rucella , and was la te r  called Brucella canis by Carmichael and Bruner 
[ 7 ] ,  Jones and co-workers [8 ] ,  and Moore and Bennett [9 ] .  Meyer [1 0 ], 
however, argued fo r its  designation as Brucella su is , biotype 5. In 
contrast to previous reports o f brucellosis in dogs caused from the
3classical B rucella , the microorganism responsible fo r th is  new disease 
was highly contagious, and transmission was shown to read ily  occur by 
ingestion o f infected tissues and by contact with in fec tiv e  discharges 
[ 5 ] .  Since 1968, other epizootics o f canine abortions and in f e r t i l i t y  
due to canis have been described [1 1 , 12, 13, 14, 15, 16, 17].
Natural Disease and Symptomatology 
The dog is the only species in which the natural disease has 
been diagnosed [15 ]. The Beagle accounts fo r the vast m ajority  o f in ­
fections. In addition, Weimaraners, Foxhounds, Old English Sheepdogs, 
American Pointers, and Greyhounds occasionally have been found diseased 
[7 ] .  The disease in dogs is characterized by abortions, in f e r t i l i t y ,  
endom etritis, p ro s ta t it is , ep id idym itis , te s tic u la r  degeneration, lympho­
cy tic  in f i l t r a t io n  of the urogenital system, and lymph node hyperplasia 
[5 , 11, 14, 15, 18, 19].
Entry, Escape, and Transmission of the Organism 
The sites which may serve as portals of entry are the oral 
c av ity , vagina, and conjunctivae, which suggests th a t the in fec tio n  can 
take place on a ll mucous membranes [7 ] .  Intravenous and subcutaneous 
inoculation can also produce infections [1 5 ]. Portals o f e x it  in in ­
fected dogs are vaginal discharges, m ilk , semen, and urine from males only 
[7 , 13, 20]. From a c lin ic a l viewpoint, transmission is known to occur 
by the following means [15]: a) contact with aborted fe ta l tissue ,
b) contact with a vaginal discharge from an infected b itch , c) venereal 
transmission, d) congenital transmission, and e) by urine contamination 
from male dogs.
4Experimental Species S usceptib ility  
Species of animals which have been experimentally infected with  
Brucella canis include the mouse, ra b b it, and guinea pig [2 1 ]. Three 
of 14 cats inoculated o ra lly  with canis developed bacteremias but 
did not develop agglutinating t i te r s  to the organism [2 2 ]. Nonpregnant 
sheep, swine, and c a ttle  are highly resistan t to in fec tio n  by the o ra l-  
con junctivae route [22 ]. There are two instances where nonhuman p r i ­
mates have been experimentally infected by the B^. canis organisms 
[15, 23]. No published works have been conducted in  which a systematic 
study of species su scep tib ility  has been performed.
Detection o f Disease in Dogs 
I t  has been established that diseased dogs develop specific  
humoral agglutinating antibody fo r  Brucella canis [5 , 6 , 7, 9 , 22]. The 
antigen employed in the detection of these agglutinins must be prepared 
from canis since the commercially available c lassical brucellae a n t i­
gens w ill not react with sera th a t is  positive fo r B. canis antibodies 
[2 4 ].
Moore [14] observed th a t, o f six suspect male dogs with no 
B^. canis bacteremia and 12 male dogs with bacteremia, a ll 18 dogs had 
agglutinating t ite rs  to the corresponding organism. The dogs without 
bacteremia never produced a t i t e r  greater than 1:200, while those with 
the condition demonstrated t i te r s  of 1:200 to 1:800. From pathological, 
c u ltu ra l, and serological studies, Moore showed th a t a l l  the dogs ex­
h ib itin g  agglutinating t ite rs  above 1:200 possessed lesions consistent 
with those seen in infected dogs. This investigator postulated that a 
t i t e r  o f less than 1:200 was in d ica tive  o f previous in fections and that
5some, i f  not a l l ,  dogs with agglutinating t ite rs  of 1:100 or 1:200 had 
apparently been in fected previously.
In a report in  which canis was eradicated from a colony of 
265 beagles by the removal of 63 culture positive dogs, the 202 (71%) 
remaining dogs had t ite r s  of 1:100 to 1:200 [13 ]. Carmichael [21] re­
gards agglutination tests o f less than a 1:100 d ilu tio n  as negative.
He found that organisms were isolated from the blood o f animals with  
t i te r s  o f 1:100 or greater. Moore [13] states that dogs demonstrating 
t i te r s  of 1:100 or greater possibly re f le c t  one or a combination o f the 
fo llow ing: a) exposure and a c tiv e ly  acquired immunity, b) in fectio n
with recovery, and c) subclinical in fec tio n .
Prevalence o f Brucella canis In fection in Dogs 
I t  has been d i f f ic u l t  to ascertain the degree of in fec tio n  with 
Brucella canis in the canine population fo r  which there may be several 
explanations. Since the organism can cause serious economic losses for  
dog breeders and kennel owners, the concern o f diagnosing c lin ic a l dis­
ease is of prime importance because i t  is thought that only dogs who 
are c lin ic a lly  i l l  can transmit the disease; thus, subclin ical disease 
or in fec tio n  is of secondary importance. As a re s u lt, usually only 
c lin ic a lly  i l l  dogs th a t are part of an epidemic are tested and a t high 
d ilu tions  of serum. Therefore, isolated cases of disease are missed as 
well as those who may have antibodies at low d ilu tio n s .
canis disease is s t i l l  in its  embryonic development as a 
cause of canine disease and is not included as part o f a d if fe re n t ia l  
diagnosis by many veterinarians. Therefore, dog sera are not routinely  
tested fo r B. canis antibodies, except possibly, in instances when
6epidemics o f abortions occur.
As with most newly recognized diseases, studies involving B^. 
canis have occurred in a research environment with no cooperative studies 
fo r standardization of methods and procedures. As a consequence, i t  has 
been d i f f ic u l t  to compare resu lts  o f d iffe re n t investigators or to com­
bine th e ir  results in order to a rrive  at general conclusions.
There has been only one study to assess the prevalence o f B^. 
canis antibodies in a population o f dogs a t low serum d ilu tions [2 4 ]. 
Blood samples were collected from 650 dogs, consisting o f 345 mixed 
breed dogs, 214 pointers and s e tte rs , and 91 other purebred dogs. The 
dogs included in the survey were randomly selected from three sources:
a) dogs hospitalized in the Auburn University Small Animal C lin ic ,
b) pound dogs obtained fo r instructional and research purposes by Auburn 
U niversity , Alabama, and c) various kennels in Alabama and Georgia.
The sera were tested a t d ilu tions o f 1:25, 1:50, 1:100, and 
1:200,and the results are shown in Table 1. The in teres ting  part o f 
th is study was th a t 77.4 percent o f the dogs had a t i t e r  of 1:25 or 
greater. The author stated that the occurrence o f agglutinating t ite rs  
for canis antibodies was apparently much greater in the canine popu­
la tio n  than had been previously thought. He concluded th a t there was
a need fo r fu rth e r work in determining ju s t what was a s ig n ifican t t i t e r
for canis and what, i f  any, was the significance o f a t i t e r  o f less
than 1:100.
Dogs as a Vector in the Transmission 
of Classical Brucellosis to Man
The p o s s ib ility  o f transmission o f c lassical brucellosis from
TABLE 1
BRUCELLA CANIS ANTIBODIES IN 650 DOGS*
Antibody
T ite r Number Percent
Negative 147 22.6
1:25 101 15.5
1:50 207 31.9
1:100 151 23.3
>1:200 44 6.7
Total 650 100.0
Lewis [24]
8dogs to human beings has been considered by investigators; however, few 
suspected cases have been reported in the l i te ra tu re  [25 ]. Dargein and 
Plazy observed a bitch which whelped three dead young pups and whose 
serum contained Brucella agglutinins [1 ] .  The dog shared quarters with  
14 naval o ff ic e rs , seven o f whom were hospita lized with b ruce llos is .
The dog was destroyed,and fu rth er cases o f brucellosis were not observed 
among naval personnel. The authors concluded that the in fection  had 
been contracted from the dog.
Nenzani assumed that a bitch which aborted had served as the 
source of in fection  fo r a human patien t [2 5 ]. The owner o f the dog had 
assisted in removing fe ta l membranes a fte r  the animal aborted. P rio r to 
th is  time, the dog had been seen eating aborted material from a cow.
The dog reacted a t the 1:5,000 d ilu tio n  to the serum agglutination te s t.
Ostertag and Mayer reported an in fec tio n  in two individuals  
which was traced to a dog used in an infected flock of sheep [2 6 ]. Nu­
merous iso lations of Brucella m elitensis were from dogs which gave posi­
tiv e  reactions to one or more tes ts .
Berman observed two dogs liv in g  on a dairy farm where a number 
of brucellae-in fected cows were kept [1 ] .  Of the seven people on the
farm, fiv e  were hospitalized with bruce llos is . The serum-agglutination 
tes t of the dog was positive a t 1:1,600, and three weeks p rio r to these 
observations, the animal had been seen eating aborted m aterial from a 
cow.
N ic o le tti and co-workers reported a case o f probable transmis­
sion of Brucella suis in fection to a suburban housewife from a dog which 
had aborted. The woman had had no contact with domesticated farm
9animals [25 ]. She had removed two dead fetuses from the dog without 
protection to her skin. The blood serum of the dog was positive fo r  
brucellae agglutinins at a 1:800 d ilu t io n , and B. suis Type I  was re­
covered at autopsy. I t  was discovered la te r  that swine from a herd lo ­
cated one mile away were also infected with the same organism.
Transmission o f Brucella canis 
from Dogs to Man
Occupational Exposure 
To date, only 12 cases of human in fection with Brucella canis 
have been reported and are presented in Table 2 . In the 1968 Annual 
Brucellosis Summary fo r the United S tates, the Center fo r Disease Con­
tro l of the United States Public Health Service b r ie f ly  c ited  three 
infections caused by th is  organism [2 7 ]. One animal caretaker had only 
serological evidence of an in fec tio n . Two laboratory technicians had 
been infected by the oral route while p ipetting  viable organisms. Both 
exhibited serological evidence of in fe c tio n , and B^. canis was isolated  
from the blood o f one.
M orissett and Spink observed and treated two laboratory per­
sonnel with B. canis in fection  [1 6 ]. Both had been exposed to large  
quantities of viable organisms in the preparation o f antigen. Although 
the portal o f entry could not be d e fin ite ly  determined, i t  was l ik e ly  
that contamination of the hands with skin abrasions resulted in entry  
of the organisms. High antibody t i te r s  were observed in both in d iv id u a ls , 
and Brucella canis organisms were iso la ted  from the blood in one.
Two cases of canine brucellosis were reported in the 1970 Center 
for Disease Control United States Brucellosis Summary [2 8 ]. These cases
10
TABLE 2
REPORTED HUMAN BRUCELLOSIS DUE TO BRUCELLA CANIS
Case Year Symptomati c T ite r
B acterio lo g ica lly
Proven
Animal Caretaker® 1968 No "Positive" No
Lab Technician® 1968 Yes 1:250 Yes
Lab Technician® 1968 Yes 1 :500 No
Lab Technician^ 1969 No 1:320 No
Lab Technician^ 1969 Yes 1:320 Yes
Animal Caretaker^ 1970 No 1:100 No
Lab Technician^ 1970 Yes 1:320 No
Lab Technician^ 1970 Yes 1:640 Yes
Housewife^ 1972 Yes 1 :250 Yes
Laborman^ 1972 Yes 1 :250 Yes
Arkansas Man^ 1972 No Not Done Yes
Tennessee Man^ 1973 Yes Unknown Yes
National Brucellosis Committee [2 7 ]. 
^Morissett and Spink [1 6 ].
^McCormick et a l . [2 9 ].
^National Brucellosis Committee [2 8 ]. 
^Swenson e t a l . [3 0 ].
^Munford e t a l . [3 1 ].
^Personal Communication [3 2 ].
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involved technicians who worked in a research laboratory. A cu lture  o f 
canis was dropped, and exposure probably occurred fo r  both a t that 
tim e. One had onset one month la te r  and had antibody t ite rs  o f 1:320 
and 1:640,and cultures were negative. The second case had onset two 
months a fte r  exposure with antibody t ite r s  o f 1:640, and B^. canis was 
iso la ted  from a blood specimen.
In addition , McCormick and co-workers reported the presence o f 
agglutinins in the serum o f an asymptomatic animal caretaker [2 9 ]. The 
blood cultures were negative, although he was not cultured u n til two 
months a fte r  the in i t ia l  serologic response. Within f iv e  months, ag­
g lu tin in s  to B. canis had completely disappeared.
N atura lly  Acquired Brucellosis 
U ntil recently , i t  appeared th a t disease due to Brucella canis 
was a p o s s ib ility  only to those people who had continuous exposure ex­
perience to e ith e r infected dogs or in laboratory personnel working with  
large quantities of v iable bacteria  and posed l i t t l e  or no hazard to 
the general population. Recently there have been three reports in the 
l i te ra tu re  and one by personal communication of na tu ra lly  acquired 
brucellosis caused by th is  organism.
A twenty-three year old woman was hospitalized with a diagnosis 
of bacteria l endocarditis [3 0 ]. Seven o f 12 blood cultures drawn over 
the f i r s t  7 days o f h o sp ita liza tio n  yielded a Gram-negative bacillus  
th a t was id e n tifie d  as B^. canis by the Special Bacteriology Laboratory 
of the Bacterial Reference U n it, National Center fo r Disease Control. 
Serum obtained from the p a tien t agglutinated B^. canis a t a t i t e r  o f 
1:250. T iters  against Brucella abortus were less than 1:20. One year
12
a f te r  completion of a n tib io tic  therapy, the patient remained w e ll.
Blood cultures were negative, and the agglutination t i t e r  against B. 
canis was 1:25. The p a tien t's  fam ily had two dogs, a male German 
Shepherd and a smaller mongrel female, both of whom appeared in  good 
health . Blood cultures from the male dog were culture positive fo r B^. 
canis, and the serum had an agglutination t i t e r  of 1:500. Blood cultures 
and agglutination t ite r s  from the female dog were pers isten tly  negative. 
Sera obtained from 12 additional fam ily members did not show any t i t e r  
to B^. canis. Even though the dog was trea ted , blood cultures remained 
positive and agglutination t ite r s  were 1:200. The family refused further 
evaluation or therapy fo r the dog, and one year la te r  they reported that 
he continued to appear w e ll. Bacteremic male dogs are known to excrete 
canis in th e ir  urine [1 7 ], so i t  would appear l ik e ly  that in fection  
occurred through d irec t contact with m aterials contaminated by the dog. 
The fa c t that no other family member had serologic evidence o f in fection  
of canis is in agreement with the previous suggestion that th is  orga­
nism does not read ily  in fe c t the human host [1 6 ], although there has 
been only one sero-epidemiologic population study [33] to prove or d is ­
prove th is  suggestion. Canine in fections caused by B^. canis are found 
almost exclusively in animals confined in kennels [30 ]; thus, the fin d ­
ing o f a diseased dog in the community a t large in this p a rtic u la r case 
report was somewhat unusual. Since the fam ily knew l i t t l e  of the dog's 
past h isto ry , i t  was possible that the dog had become infected while in 
a kennel.
In August, 1972, a case of human in fection  by B. canis occurred 
in a Jacksonville, F lo rida , a ir  conditioning mechanic [3 1 ]. This case
13
is o f epidemiologic in te re s t because the patient had minimal animal con­
ta c t. During the f i r s t  3 days o f ho sp ita liza tio n , he had shaking c h ills  
twice each day, and each c h ill was followed by a r is e  in temperature to
102 F. On the th ird  hospital day his temperature became normal, and i t
remained normal throughout his hospital course. Seven blood cultures 
grew an organism which was te n ta tiv e ly  id en tifie d  as Mima polymorpha, 
but was la te r  id e n tif ie d  as a Brucella species by the Florida State 
Laboratory. Id e n tific a tio n  o f the organism as Z. canis was done by the 
Laboratory Division o f the Center fo r Disease Control one month la te r .
At this time serum was tested fo r agglutinating antibodies against B^. 
canis, and the resu lting t i t e r  was 1:250. One month la te r  no demon­
strable t i t e r  was observed a t a 1:50 d ilu tio n  of serum. The epidemio­
logic investigation was designed to define the source of the patien t's  
in fection and to discover i f  other persons exposed were also infected. 
Prior to his illn ess  the patien t had m ultiple d ire c t and in d irec t ex­
posures to dogs. As an a ir  conditioning mechanic, his work which re­
quired crawling underneath houses, resulted in contact with dogs and 
feces contaminated s o il . His work had not taken him to a veterinarian  
c lin ic  or kennel in the preceding year, however. The fam ily owned an 
apparently healthy 4 1/2 year old spayed dog. The serum t i t e r  of the 
dog for canis was a 3+ at 1:50 and 2+ a t 1:100 which was lower than 
those usually seen in ac tive ly  infected animals (a 4+ t i t e r  o f 1:100 
d ilu tio n  was considered "p o s itive "). Among the p a tie n t's  immediate 
fam ily (w ife and three ch ild ren ), only one son, age 11, had been i l l  
during the six months preceding the investigation. This son was re­
ported to be the most active o f the children, frequently  playing
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outdoors with neighborhood dogs. Three o f the patien t's  co-workers had 
also been i l l  in the preceding months. Two had illnesses which were 
diagnosed as v ira l in o r ig in , and the th ird  did not seek medical a id .
A survey of neighbors who owned dogs fa ile d  to reveal any illn ess  among 
the neighborhood dogs, and no animals were found with known h isto ries  
o f abortion or exposure to aborting dogs. The source of in fectio n  in 
th is  patient was unknown; only a suspicious serologic t i t e r  in the family 
dog incriminated this otherwise innocent b itch . None of the p a tien t's  
fam ily contacts had serologic evidence o f in fe c tio n , although his 11 
year old son may have had a milder illn es s  with seronegativity a t the 
time the specimen was obtained more than one month la te r . The possibi­
l i t y  remained that the patien t may have acquired the disease while at 
work, and even the absence of serologic evidence of canis illn e s s  in 
his co-workers did not exclude th is p o s s ib ility .
canis has also been isolated a t time of surgery from a 
clo tted  aortic  b ifu rcatio n  g ra ft [3 1 ]. This 60 year old p a tien t also 
had a retroperitoneal abscess, and the is o la te  may possibly have come 
from th is  source. The p a tie n t, an Arkansas man who owned three hunting 
hounds, died three years la te r; no autopsy was performed, nor were post­
mortem cultures obtained.
Recently there has been one additional case of B^. canis disease 
in man [32 ]. A young man in Memphis, Tennessee, had several positive  
blood cultures. His c lin ic a l illn ess  was quite s im ilar to th a t of the 
Florida case.
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Human Symptomatology
A sporadic disease, human Brucella canis disease exhibits signs 
and symptoms simulating other diseases. Id e n tif ic a tio n  o f suspects is  
sometimes made only on epidemiological information or the pattern o f 
il ln e s s . The illn e s s  has been characterized by fe v e r, c h il ls ,  posterior 
c e rv ic a l, ep itro ch lear, a x illa ry  lymphadenopathy, and splenomegaly [3 0 ]. 
D e fin itiv e  diagnosis is based upon the iso la tio n  o f the causative agent 
or by detection o f antibodies by serologic means.
Serological Epidemiology 
Background
The immune status o f the host is o f prime importance in nearly  
a ll epidemiological situations where an in fectious disease is concerned. 
This can be tested and demonstrated experimentally in animals by actu­
a lly  exposing them to infectious agents and observing the resu lts . In 
man, however, th is  demonstration has not been so easy. P rior to about 
1900, the information regarding human immunity was lim ited  to reports 
by individuals concerning whether they had been vaccinated or had had a 
disease, or to the presence of actual physical signs [3 4 ]. These were 
very lim ited  measures because they did not take in to  account the fac t 
that much of man's immunity is  acquired su b c lin ica lly  through m ild , un­
recognized, or inapparent in fec tio n .
Around the beginning o f the twentieth century, measurements 
re la tin g  to the immune status of a given population to such infectious  
diseases as tuberculosis, d iphtheria , and syph ilis  began to be obtained 
[3 4 ]. Such measurements were used mostly to diagnose individual cases.
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The use of serological tests fo r  disease surveys may be said to have 
begun with attempts to map out the d is tr ib u tio n  of syphilis in segments 
of urban populations by Williams in 1916 [35 ].
Epidemiologic Surveys of Infectious Diseases 
Epidemiologic surveys are undertaken when existing information 
concerning the in te rre la t io n  between man and a disease agent is inade­
quate. The reasons for such inadequacy are many and include the fo llow­
ing examples: a) the lack o f sensitive or specific  diagnostic methods,
b) the disease ra re ly  requires medical a tten tion , c) the lack o f o f f i ­
c ia l requirement fo r  disease reporting, and d) when newly encountered 
infectious agents are found. Surveys may be performed to re f le c t  the 
current a c t iv i ty  of the agent such as disease or the presence of the 
agent, for prior a c t iv ity  such as persisting antibody, or the presence 
of a characteris tic  d is a b i l i ty  such as paralysis in poliom yelitis  [3 6 ].
Surveys of seroimmunity (serologic epidemiology) are basic to 
the study of infectious diseases [3 7 ].  Poliomyelitis provides an impor­
tant example. Because of the great frequency with which poliovirus in ­
fection leads to inapparent disease, the occurrence of paralysis pro­
vides a highly misleading picture of the extent of human in fection with 
polioviruses. A fa r  d if fe ren t picture is revealed by serologic surveys 
which consist o f determining the presence of poliovirus antibodies in 
the sera of an appropriately selected sample o f the population.
Serologic surveys have also contributed to understanding the 
distribution  of many diseases. For instance, such studies revealed 
antibodies to yellow fever virus in residents of large areas where the 
disease had not been recognized c l in ic a l ly  and where the only vector
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then known did not ex is t. These observations led to the recognition 
that yellow fever had a sylvatic  cycle [36].
A very important use of serologic surveys relates to newly en­
countered agents po ten tia lly  pathogenic for man. Surveys fo r  antibodies 
to a newly id en tif ie d  agent provide a d irect way for determining whether 
the agent has made contact with man. Essentia lly , these are exploratory 
or prevalence types of surveys which are designed to determine the mag­
nitude of infection in a population. The extent of the problem is re­
flected in the calculation of crude rates [34].
Human Immunoglobulins 
The gamma globulins were f i r s t  recognized and designated as a 
d is t in c t  group by Tiselius in 1936 [38 ]. Approximately one year la te r ,  
Tiselius and Kabat demonstrated that the antibodies of serum were pre­
sent in the gamma globulin fraction [39 ]. This fraction o f serum is  
composed of at least f ive  d is t in c t  globulins with antibody a c t iv i ty .
These globulins are designated as classes of "immunoglobulins" abbrev­
iated as follows: IgG, IgM, IgA, IgD, and IgE; however, only the f i r s t
two classes are important as part o f the humoral defense system which 
acts against microorganisms (Reviewed by Weisser, Myrvick and Pearsall
[4 0 ]) .  Some properties of these immunoglobulins are presented in 
Table 3.
IgG Immunoglobulins 
The IgG globulins constitutes the largest part o f the immuno­
globulin system, with an average adult serum concentration o f approxi­
mately 1200 mg per 100 ml. Many of the antibodies in normal human serum,
TABLE 3
PROPERTIES OF HUMAN IMMUNOGLOBULINS
Class
Sedimentation
Constant
Approx. 
Mol. Wt.
Placental
Transfer
Antibody
A ctiv ity
Synthesis 
Begins at:
Adult Level 
Reached at:
IgG 73 160,000 Yes Yes 4-6 wks. 8 yrs.
IgM 193 900,000 No Yes Early a f te r  Birth 1-2 yrs.
IgA 7S, I l s ,  183 170,000-600,000 No
Yes
(C e llu la r ) 2-3 wks. 12 yrs.
IgD 73 160,000 No Unknown Unknown Unknown
IgE 83 160,000 No Yes(Reaginic) Unknown Unknown
00
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such as bacterial and v ira l  antibodies, are IgG globulins. These alone 
confer passive immunity to the newborn ch ild , since only that molecule 
is chemically constructed to cross the placenta. The long ha lf  l i f e  of  
the IgG globulin also allows i t  to provide long lasting immunity. On 
the other hand, IgG globulin shows a re la t iv e ly  slow response to a n t i ­
genic stimulation,and i ts  small size makes i t  a poor agglutinator of 
bacteria.
IgM Immunoglobulins 
The IgM globulin represents about 5 .8  percent of the normal 
serum immunoglobulins. In the average adult, th is  concentration is 
approximately 100 mg per 100 ml. The molecular weight of this molecule 
is approximately 900,000 and, by the virtue o f i ts  large, bulky shape, 
i t  is much more e f f ic ie n t  than the IgG globulin in ce llu la r  agglutina­
tion . These antibodies are usually the f i r s t  detected antibodies a fte r  
antigenic challenge.
Passage of Antibodies Between Mother and Offspring 
Prior to b i r th ,  animals of most species form l i t t l e  or no 
antibody, presumably fo r  two reasons, namely, because they are immuno­
logical 1 y immature and because exposure to stimulation by foreign a n t i ­
gens is limited by the barriers of investing membranes (Reviewed by 
Weisser, e t  a l . [4 0 ] ) .  When the fetus encounters strong antigen stimu­
la t io n , the principal antibodies found are IgM. Antibodies of the IgM 
class are formed most read ily  and are often present in small amounts in 
cord blood and indicates previous infection o f  the fetus.
The membranes surrounding the embryo serve as a barr ie r  to the
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passage of many substances such as harmful toxins and microorganisms. 
Thus, i t  may be assumed that the embryo does not normally require the 
protection o f antibodies so essential to the adult. Following b ir th ,  
however, prompt exposure to many po te n tia lly  harmful agents in the ex­
ternal environment demands that the young possess protective antibodies 
in order to have a chance fo r  surv iva l. This is accomplished by the 
a b i l i ty  of certa in  maternal antibodies to cross the placenta.
Essentially  a l l  antibodies tha t reach the human in fant are 
acquired before b irth  by way of the placenta. Whereas IgM, IgA, IgD, 
and IgE do not pass the human placenta in s ig n if ica n t amounts, IgG 
passes beginning at the th ird  to fourth month of fe ta l  l i f e .  Maternal 
antimicrobial antibodies passively acquired during fe ta l  l i f e  serve to 
defend the newborn in fant against infections during the f i r s t  few weeks 
of l i f e  and before the in fan t's  body is competent to form protective  
antibodies. Passive protection by maternal antibodies can be e ffec tive  
only against those agents to which the mother is immune and to which 
she possesses substantial quantities of specific  protective antibodies. 
The low point in serum levels of IgG and, consequently, the least re ­
sistance to in fection occurs a t  approximately three months of age.
In teraction of Antigens and Antibodies in v itro
Antibodies of the molecular classes IgA, IgG, IgM, and IgE are 
known to partic ipa te  in various types of in v itro  anti gen-anti body re­
actions in a highly specific manner. Antibodies which react with 
soluble antigens to form precipitates are called "p re c ip it in s" , and 
antibodies which agglutinate particu la te  antigens such as bacteria are
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called "agglutinins". Antibodies reacting with antigens to produce 
other effects  have been named in l ik e  manner according to the e ffects  
produced.
Agglutination Reaction 
The agglutination procedure has been widely used for such pur­
poses as the quantitation of antibodies in serum (Reviewed by Bennett
[4 1 ] ) .  This te s t  determines the greatest (highest) d ilu tion  of the 
serum that w i l l  cause agglutination of a known bacterial antigen. The 
process of agglutination occurs in two steps: a) the primary stage, in
which antibody is absorbed onto the surface of the antigen, and b) the 
secondary stage, in which the antibody-coated antigen partic les  ag g lu ti­
nate. Agglutination by antibody is influenced by pH and s a lt  concentra­
tion and is usually optimal at pH values near n e u tra lity  and sa lt  con­
centrations in the physiological range.
Serial D ilutions  
Dilution is the act o f making a weaker solution from a stronger 
one. This is usually done by adding a d iluen t, such as sa line, to the 
material in the amount required to make a certa in  d ilu t io n . Dilutions  
are usually expressed as 1 unit of the orig inal solution to the to ta l  
number of units of f in a l d i lu t io n . Therefore, a 1:10 d ilu tion  calls  
for 1 unit o f the concentrated solution to be diluted to a to ta l o f 10 
uni t s .
The systematic redilu tion of a f lu id  a number of times is  
called a "seria l d i lu t io n " . An example of a seria l d ilu tion  is as 
follows:
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Into each of f iv e  test tubes is measured 1 ml o f  saline. One 
ml of serum is placed in the f i r s t  tube and mixed. Since there 
is 1 ml of serum in a to ta l o f 2 ml, a 1:2 d i lu t io n  exists in 
the f i r s t  tube. One ml of th is  1:2 d ilu tion  is  removed and 
mixed with the 1 ml of saline in the second tube. The d i lu ­
tion of serum in the second tube is one-half tha t o f the f i r s t  
tube or 1/2 x 1/2 = 1/4 or 1:4. This operation is repeated 
s e r ia l ly  with the three remaining tubes and the f in a l d ilu tion  
of serum in each tube would be 1:2 , 1:4, 1:8, 1:16 and 1:32.
Whether or not to include the antigen which is added to the 
serum dilutions as part of the f in a l  d ilu t io n , usually depends upon the 
volume that is added and/or the concentration used. I f  only a small 
amount of antigen is added in re lationship to the to ta l volume, i t  is 
usually not included as part o f the f in a l d i lu t io n . However, whenever 
d ilu te  antigen is added in an amount that would greatly  increase the 
to ta l volume, the antigen is  usually included as part of the d i lu t io n .  
For instance, in the above example:
The f in a l volume in the f i r s t  tube is 0.5 ml o f serum and 
0.5 ml of saline (1 ml t o t a l ) .  I f  2 ml of d ilu te  antigen 
were added, the f ina l d i lu t io n  o f serum would be 0 .5 /3 .0  
or 1:6. Therefore, the f in a l d ilu tion  of serum in each 
tube would be 1:6, 1:12, 1:24, 1:48, and 1:96.
T iters
The t i t e r  may be defined as the quantity of a substance re ­
quired to produce a reaction with a given volume of another substance. 
I t  is usually referred to as a measure of the number of antibody
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molecules per un it volume of the orig inal serum and gives an indication  
of the antibody concentration in a serum sample. The antibody t i t e r  of  
a serum is the highest d ilu tion  which w i l l  give reaction with antigen.
Detection of Antibodies by the Microti te r  Technique
The tube agglutination technique is the standard tes t for the 
detection of Brucella antibodies; however, in recent years the micro­
t i t e r  technique with i ts  many advantages has been applied to several 
v ira l and bacterial serological tests [42, 43, 44]. The orig inal micro­
t i t e r  system was introduced in 1950 and f i r s t  described in 1955 (re­
viewed by W itlin  [4 5 ] ) .  The system was further refined by Sever in 1962 
[4 6 ]. Application o f the microtechnique to serologic tests is of prac­
t ic a l  importance; i t  saves time, space, antigen, and sera. I t  has an 
additional advantage over the rapid slide agglutination tes t o f not only 
providing a screening method to detect positive sera but also providing 
t i te r s  which correlate  highly with the more laborious tube agglutination 
tes t [47 ]. The technique u t i l iz e s  precalibrated micropipettes and 
m icrodilutor loops, t i t r a t io n  p lates , and a test reading mirror.
Serologic Surveys of Brucella canis 
Antibodies in Human Populations
L i t t l e  information is availab le  concerning the incidence of 
Brucella canis infections in humans. The dangers of canine to human 
transmission of this organism, e ith e r  by occupational exposure or by 
natural means, have been discussed by a number of investigators [4, 12, 
16, 23, 29, 30, 33].
To date, there has been only one published report of a popula­
tion survey for the prevalence o f canis antibodies in humans [33].
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Lewis conducted a serological survey on 1,208 apparently healthy, male, 
m il i ta ry  recru its , ages 18-26, and a t i t e r  of 1:100 or greater was con­
sidered positive and of significance. This p art icu la r  t i t e r  was chosen 
as s ig n if ica n t because the investigator inferred that bacteremia usually  
occurred a t this le v e l.  Only f ive  (0.4%) sera in this study demon­
strated t i te r s  of 1:100 or greater. The author stated that although 
the incidence of s ig n if ica n t t i te r s  was low, the mere fact o f th e ir  
detection may be o f epidemiological significance.
One of the principal purposes of an exploratory sero-epidemio- 
logic survey is to be sensitive enough to detect a particu la r  antibody 
when present. This purpose was not achieved in the above-mentioned 
study because B. canis antibodies had to be present a t a 1:100 d i lu ­
tion before the serum was considered positive. Antibody surveys that  
re la te  to newly encountered agents that may be po ten tia lly  pathogenic 
fo r  man, such as canis, should be sensitive enough to detect sub- 
c lin ic a l infection as well as c lin ica l disease; therefore, antibodies 
present in sera, even at low t i t e r s ,  may be o f epidemiological s ig n i f i ­
cance. Not only would such information augment existing epidemiological 
knowledge of this newly recognized disease in man, but i ts  zoonotic 
significance could also be o f  public health importance.
Purpose o f  the Present Investigation
Since canine and human brucellosis due to B^. canis may be 
underdiagnosed, the extent o f  infection in both man and dog must be 
established to determine the potential importance o f th is  disease as a 
public health problem. Although the occurrence of agglutinating  
canis antibodies is apparently much greater in the canine population
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than has been previously thought, i t  is  not known to what degree man 
has become infected.
The object o f  this study, then, was to determine the prevalence 
of B^. canis in fection in selected human population groups in Oklahoma. 
For this purpose, a m icro titer  plate agglutination technique was de­
veloped as an epidemiological tool fo r  the detection o f B_. canis a n t i ­
bodies.
CHAPTER I I
MATERIALS AND METHODS
Brucella canis Antigen 
Brucella canis antigen was not available from a commercial 
source; therefore, i t  was necessary to contact various investigators  
who were engaged in s im ilar studies. Jack Oakes, D.V.M., of the 
United States Department of Agriculture (U.S.D.A.) was contacted, and 
the problem o f obtaining the antigen was discussed. As a resu lt  of 
th is meeting, B. canis antigen was obtained from the United States De­
partment of Agriculture, Animal and Plant Service, Veterinary Service 
Diagnostic Laboratory, Ames, Iowa.
Antigen S pec if ic ity  
Many investigators have demonstrated that Brucella canis does 
not exhibit patterns of possessing a common antigen with Brucella  
abortus. Brucella suis, or Brucella meletensis [24, 28, 29, 30, 48]. 
canis is a rough Type-R^ organism, and antigens prepared from this
type of cell may have sim ilar surface antigens with Type-R strains of
2
the other Brucella [ 4 ] ,  although i t  lacks the 0 antigens present in
^Rough Type-R colonies are associated with the loss of the sur­
face g luco-lip id -pro tein  complexes. Virulence is commonly, but not 
always, associated with the smooth Type-S colony.
2
Heat stable somatic antigens.
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smooth Type-S strains [10].
Spink and Morrissett [48] and Lewis [49] have reported th a t  
IB. canis w i l l  cross react with another newly recognized species o f  
B rucella , B^. ovis, a cause of epididymitis in rams. B^. canis has also 
been shown to cross react with animal strains of Bordetella bronchi-  
septica [22] and Pasturella multocida [50 ]. There have been no reports 
of cross-reactions of canis with organisms outside the family Bru- 
cellaceae.
Experiments were conducted to verify  the sp e c if ic ity  of the 
U.S.D.A. B. canis antigen. Agglutination-absorption, fluorescent immuno­
globulin, and paired serum tests using B. canis and B^. abortus antigen 
were performed.
Agglutination-absorption. Non-specific agglutinins to canis 
antigen were investigated by the absorption of sera with B^. canis a n t i ­
gen and then by performing agglutination tests on the sera using the 
same antigen. Cross-reactivity of the antigen was investigated by ab­
sorbing sera positive fo r B^. canis antibodies with other bacterial a n t i -
3
gens and then retesting the same sera with B^. canis antigens.
Fluorescent immunoglobulins. These tests were performed by the 
Department of Microbiology, University of Oklahoma Health Sciences 
Center, under the direction of Richard M. Hyde, Ph.D., Professor of 
Immunology. This procedure determined i f  canis antigen, a f te r  incu­
bation with serum, was coated with human immunoglobulins, and i f  so,
2
Typhoid H ( f la g e l la r  d ) .  Salmonella Grp. D. (typhoid 0 , somatic 
9, 12), Paratyphoid B ( f la g e l la r  b, 12), Brucella abortus, Francisella  
tu larensis , and Proteus 0X19.
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what classes of immunoglobulins were present. The procedure fo r  this  
study is presented in APPENDIX A.
Paired serum tes ts . Over one-half of the sera tested for  
canis antibodies were also tested for B^. abortus antibodies in order to 
determine the p o ss ib il i ty  of cross-reactions between the two antigens. 
Both procedures were performed a t  the same time using the same methods, 
and both procedures were performed under the same conditions.
M ic ro t ite r  Plate Agglutination Technique 
A microti te r  plate agglutination technique was used fo r  the 
serologic determination of agglutinating antibodies which were specific  
for  Brucella canis antigen. The tests were performed u t i l i z in g  micro­
t i t e r  equipment manufactured by the Cooke Engineering Company, 
Alexandria, V irg in ia .
M ic ro tite r  Equipment 
Microdropper pipettes. The microdropper pipettes were made of  
molded propylene and possessed a working capacity of six m i l l i l i t e r s .  
They had a stainless steel needle tubing fused into the delivery  end 
and were calibrated so that each drop delivered 0.025 ml of isotonic 
physiological saline at 25 C with a plus or minus 2 percent tolerance.
Microdiluting loops. The microdiluting loops were made of 
precision slotted stainless steel which employed c a p il la ry  action in 
taking up measured quantities of solutions. They were standardized to 
draw up 0.025 ml of isotonic physiological saline at 25 C with an 
accuracy of plus or minus 0.02 milligrams. The d ilu ting  loops were 
attached to slender metal handles which were tapered at the top to
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provide loop-spacing^ when more than one loop was used.
T itra t io n  p la tes . Each standard plate was 128.6 cm x 82.5 mm 
" 11 mm containing 8 rows of 12 cups, each possessing a 0.125 ml capac­
i ty .  The cups were U-shaped.
Test reading m irro r . For convenient, accurate reading o f  tes t  
patterns, the t i t r a t io n  plates were placed on a support, the center of 
which was removed to expose the complete underside of a l l  the wells;  
a 2x magnifying mirror was used to examine the wells.
Reagents
Antigen. Brucella canis antigen was supplied by the United 
States Department of Agriculture, Animal and Plant Service, Veterinary  
Service Diagnostic Laboratory, Ames, Iowa. The antigen was prepared 
from k i l le d  whole ce lls .
D iluent. The method used by the U.S.D.A. at Ames, Iowa, em­
ployed 2-mercaptoethanol-3.5% saline as a d iluent in the tube agglutina­
tion tes t for IB. canis. Mercaptoethanol s p li ts  the d isu lfide  bonds of  
IgM globulins and inh ib its  the agglutination o f the IgM class o f brucellæ  
antibodies without seriously in terfer ing  with the agglutinating a c t iv i ty  
of the IgG class of brucellae antibodies. Reddin and co-workers [51] 
demonstrated that humans who had bacterio log ica lly  proven Brucella 
abortus disease consistently had a mercaptoethanol resistant or IgG 
class of brucellas antibody. The presence of the IgG immunoglobulin 
appeared to be a distinguishing feature in d if fe re n t ia t in g  active from
4
The handles are designed with a special taper to give the same 
m icrodilutor spacing as the plate w ells , permitting easy insertion for  
accurate, simultaneous t i t r a t io n s .
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inactive disease in persons having i l l -d e f in e d  complaints, s te r i le  
blood cultures, and low t i te rs  of brucellae antibodies. Consequently, 
mercaptoethanol is used when there is  in terest only in the diagnosis of  
active disease. Since this study was concerned with identify ing persons 
infected with B^ . canis regardless of disease s ta te , 2-mercaptoethanol 
was omitted from the te s t  system.
The U.S.D.A. method also involved the use of 3.5 percent saline  
instead of buffered, physiological (0.85%) or normal (0.0875%) saline.  
Test results were determined by clearing of the supernate in a tube, and 
the increased concentration of saline tended to hold the antigen in sus­
pension to prevent autoagglutination [5 2 ]. The volume o f diluent used 
in the m icro tite r  plate agglutination procedure was extremely small, and 
clearing of the supernate could not be observed. Therefore, buffered, 
physiological saline was used as the d iluent in the m ic ro tite r  procedure, 
and the tes t results were determined by the occurrence of s t r ic t  a g g lu t i­
nation in the bottom o f the w ell.
M ic ro t ite r  Procedure
5
A drop of phosphate buffered, physiological saline was added 
to each U-shaped well of a m ic ro tite r  plate with a 25 yl (0.025 ml) 
micropipette. Twenty-five lambda of undiluted serum was placed in the 
f i r s t  well and diluted twofold s e r ia l ly  using a 25 yl microdilutor.
The resulting serum dilutions were 1:2, 1:4, . . .  1:256. F if ty  lambda 
(0.05 ml) o f working ® Brucella canis antigen was then added to each
^0.15 M KHgPO^  + Na^HPO^, 0.85% NaCl, pH 7 .2 .
^4.4 ml stock B^. canis antigen diluted to 100 ml with phosphate 
buffered, physiological saline.
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w ell .  The f in a l dilutions were 1:6^, 1:12, . . .  1:768. The microti te r
Q
plates were covered with a plate sealer and incubated at 37 C fo r  a
to ta l of 48 hours. Reading the plates a t 48 hrs occasionally yielded
higher t i t e r s .  Using a tes t reading m irror, agglutination appeared as
an irreg u la r  edged c irc le  or a folded-over c irc le .  Serum samples in
which there was no agglutination had a smooth round button of antigen
9 10in the bottom of the w ell. Positive and negative controls were used 
with each series of te s t  runs. A summary of the m icro tite r  procedure is  
presented in Table 4.
In terpretation of Test Results 
I t  was the purpose of th is  investigation to ascertain the prev­
alence of Brucella canis infections in various selected population groups 
by determining the presence of specific  antibodies in serum. In terpre­
ta tion  of the tes t results on the basis of the d if fe re n t antibody t i te r s  
was considered unnecessary for purposes of th is  study. Since a one tube 
difference is allowable as experimental error [4 6 ], an antibody t i t e r  
of 1:12 or greater was considered a positive tes t and was interpreted  
as evidence of B. canis infection in an indiv idual. An antibody t i t e r  
of 1:6 or less was regarded as a negative te s t ,  and the individual was 
considered to be without evidence of in fection .
^12.5 ij1 serum in 75 wl to ta l volume.
O
Precut p las tic  tape used to prevent evaporation.
Q
Positive control consisted of a high t ite red  dog serum pro­
vided by the Veterinary Services Diagnostic Laboratory, U .S.D.A.,
Ames, Iowa.
^^Negative control consisted of phosphate buffered, physio­
logical saline.
TABLE 4
MICROTITER PLATE AGGLUTINATION TEST PROCEDURE FOR DETERMINING 
THE PRESENCE OF BRUCELLA CANIS ANTIBODIES
Procedure Well Number Positive Negative1 2 3 4 5 6 7 8 Control Control
Volume of 
saline (ml) 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.050
Volume of 
serum (ml )
0.025
(mix)
0.025 
of 
Well 1
0.025 
of 
Well 2
0.025 
of 
Well 3
0.025 
of 
Well 4
0.025 
of 
Well 5
0.025 
of  
Well 6
0.025 
of 3 
Well 7
0.025 0
In i t i a l  serum 
dilution 1:2 1:4 1 :8 1:16 1 :32 1:64 1:128 1 :256 - -
Volume of 
antigen (ml) 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
Final serum 
dilu tion 1:6 1:12 1:24 1:48 1 :96 1 :192 1:384 1:768 - -
W
ro
0.025 ml from tube 8 is  removed and discarded.
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Standardization of the M ic ro t ite r  Plate Agglutination Test 
The m icro tite r  plate agglutination test was standardized by 
comparison tests using a standard macro tube test performed by the State 
and Federal Brucellosis Laboratory, Oklahoma City, Oklahoma,under the 
supervision of Brian Espe, D.V.M. The procedure is shown in 
APPENDIX B, Table 1. The s im ila r i t ie s  and differences between the two 
methods are presented in APPENDIX B, Table 2. The standard macro tube 
tests were performed without knowledge of the m ic ro tite r  tes t results.
In both procedures, a tes t was considered negative when an anti gen- 
anti body reaction occurred only in the f i r s t  d ilu t io n , and positive  
when the reaction occurred in any d i lu t io n  greater than the f i r s t .  The 
usually accepted policy of recognizing a one tube d i lu t io n  difference  
as the range of procedural error was observed in determining the com­
p a ra b il ity  of results between the standard macro tube agglutination test  
and the m icro tite r  plate agglutination te s t.
Selection of Human Population Groups 
The subjects whose sera were tested for Brucella canis a n t i­
bodies were divided into three categories on the basis of th e ir  possible
exposure to dogs, the only known natural reservoir fo r  canis. The
11 12 categories were: a) no exposure to dogs, b) an average exposure to
13dogs, and c) a po ten tia lly  high exposure to dogs. The study also
Newborn in fants.
12The exposure to dogs in th is  group of persons was thought to 
represent the usual or everyday type of exposure to both healthy and 
sick dogs. The hospital population was considered to be representative  
of this type of exposure and would not have more contact with dogs or 
less contact with dogs than the general population.
13
Practicing veterinarians and veterinary students.
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included a group of persons with fe b r i le  illnesses of possible microbial 
o rig in . An authorization for access to medical records was granted by 
the Administrator of The University Hospital, Oklahoma City, Oklahoma 
(APPENDIX C).
Subjects with No Exposure to Dogs 
This group consisted of newborn infants born during August and 
September, 1973, at The University Hospital. Sera were collected from 
cord blood samples sent to the Serology Laboratory for a routine sero­
logical determination for syph ilis . These persons would have had no ex­
posure to dogs. Thus, the presence of Brucella canis antibodies in 
these newborns would be the resu lt of an in utero infection or from 
placental transfer. To resolve these p o s s ib i l i t ie s ,  sera from mothers 
of a group of these newborn infants were also tested for B^. canis a n t i ­
bodies.
Subjects with an Average Exposure to Dogs 
These subjects, who had sera submitted to the Serology Labora­
tory for syphilis determinations, consisted of hospitalized and non­
hospitalized patients, hospital employees and students, and blood donors.
Hospitalized and non-hospitalized patien ts . These serum samples 
included a l l  Medical Services such as Medicine, Surgery, Obstetrics- 
Gynecology, and Pediatrics. The samples were collected da ily  without 
regard to whether the patient was or was not hospitalized or to which 
Medical Service in i t ia te d  the routine serological determination for  
syphilis . Serum collection began on July 15, 1973, and ended on 
October 31, 1973. The samples were identif ied  according to the patients '
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medical records number, hospita lization status, age and sex, and medical 
service.
Hospital employees and students. These were a small group of  
samples consisting prim arily  of new employees and students in which a 
routine syphilis  serology was performed fo r  e ith er  employment or school. 
The collection of samples was in i t ia te d  on July 15, 1973, and was te r ­
minated on September 30, 1973. The samples were id en tif ie d  according 
to the subjects' medical records number and age and sex.
Blood donors. The University Hospital is unique among a ll  
other hospitals in the Oklahoma C ity  area because i t  maintains i ts  own 
blood acquisition program. From July 15, 1973, to October 31, 1973, 
sera were collected from this source. There were no sera collected  
from persons below age 18 or above age 65 because these ages are pro­
hibited from donating blood. The samples were id e n tif ie d  according to  
the subjects donor number and age and sex.
Subjects with a P o ten tia l ly  High Exposure to Dogs
Since dogs are the natural and possibly the only reservoir for  
Brucella canis, persons assumed to have a more intimate or concentrated 
contact with sick dogs than the general population would possibly have 
a higher in fection rate due to B. canis and, thus, a greater prevalence 
of antibodies. In order to examine th is  hypothesis, serum samples were 
collected from people in the Veterinary Sciences. Sera were collected  
December 11, 1973, from veterinary students and faculty  a t the School of  
Veterinary Medicine, Oklahoma State University, S t i l lw a te r ,  Oklahoma.
The sera were id en tif ied  according to the subjects' name, age and sex, 
and year in school. Sera were also collected on January 27 and 28, 1974,
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from practicing veterinarians who were present at the Oklahoma 
Veterinary Medicine Association convention in Oklahoma C ity , Oklahoma. 
These sera were id e n t if ie d  according to name, age and sex, and residence.
Subjects with Fevers of Undetermined Origin
These persons were not grouped together on the basis of th e ir
exposure to dogs, but because they had s im ilar  illnesses. These were
14patients whose physicians had requested that fe b r i le  agglutinins be
performed on th e ir  sera. Serum samples were collected from July 1, 1973,
to January 31, 1974. They were id en tif ied  according to the patients' 
medical records number and age and sex.
Use of a Questionnaire to Associate Brucella 
canis Infection to Dog Exposure
Before a questionnaire could be used in the study, i t  was 
necessary to gain the approval of the Human Experimentation Committee 
(HEC) of the University of Oklahoma Health Sciences Center. Copies of  
the protocol and a cover le t t e r  were sent to the Chairman of the com­
mittee. The cover le t t e r  had to provide the following: a) id e n t i f ic a ­
tion of the pro ject, b) a statement in which written informed consent 
would be obtained from each individual in the the study, c) a copy of  
the consent form to be used, and d) a statement regarding the potential 
risks to tlie subjects and the potential benefits from the proposed re­
search. A copy of the cover le t te r  is presented in APPENDIX 0.
In addition to the questionnaire, a method of obtaining informed 
consent of each individual was necessary. The basic elements of informed
14Serology tests used to aid in the diagnosis of typhoid, para­
typhoid, brucellosis, tularemia, and various r ic k e tts ia l  diseases.
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consent were: a) a f a i r  explanation of the procedures to be followed,
b) a description of the risks and benefits to be expected, c) an o ffe r  
to answer any inquiries concerning the procedures, d) an instruction  
that the subject was free to withdraw his consent and to discontinue 
partic ipation in the project a t  any time, and e) a statement indicating  
that any grievances which the subject had in regard to his partic ipation  
in the study could, a t any time, be taken to the Office of Research 
Administration. The subject was also instructed tha t he had not waived 
any of his legal rights or released the in s t itu t io n  from l i a b i l i t y  for  
negligence. All materials were submitted to the HEC, and on January 28, 
1974, the study was approved. A copy of the approval le t t e r  is pre­
sented in APPENDIX E.
Purpose and Design of the Questionnaire 
The questionnaire was designed to help explain the presence of 
Brucella canis antibodies in relationship to a person's exposure to dogs. 
The questionnaire consisted of three parts: a) a cover le t t e r  designed
to obtain w ritten  informed consent, b) a consent statement form, and
c) questions pertaining to the subject's exposure to dogs. The questions 
were designed to e l i c i t  information regarding the type, duration, and 
frequency of dog contact. The complete questionnaire is shown in 
APPENDIX F.
Selecting the Sample 
A sample o f persons thought to have an average (everyday) ex­
posure to dogs was used in this phase of the study. Through a random
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sampling p ro c e d u r e ^ a  tes t  group of 150 persons who were considered 
infected with Brucella canis was selected. This group was s t ra t i f ie d  
equally between low t i te rs  (1:12) and higher t i te r s  (1:48 or greater).
A control group of 150 persons was selected to represent those who were 
considered not to be infected with B^. canis. In this s ituation , non­
infection consisted of persons with no detectable antibodies. The test  
group and control group represented a 15 percent sample size. A period 
o f six weeks was allowed fo r  the questionnaires to be returned before 
the data were analyzed.
15The random sample was selected with the assistance of 
Donald E. Parker, Ph.D., Assistant Professor, Department of B iostatistics  
and Epidemiology.
CHAPTER I I I  
RESULTS
Brucella canis Antigen Specific ity
Aggluti nation--Absorption 
Seventeen serum samples were tested for nonspecific agglutina­
t io n , and the detailed results are presented in APPENDIX B, Table 3. 
Agglutination with Brucella canis antigen a fte r  the serum was absorbed 
with B. canis antigen did not occur. Table 4, APPENDIX B, shows results 
of 14 serum samples that were examined for cross-reactiv ity  with other 
bacterial antigens. Although some of the samples exhibited agglutina­
tion reactions with the other antigens, these same samples were again 
positive at the same serum d ilu tion  or within one d i lu t io n  for canis 
antibodies when retested with B^. canis antigen.
Fluorescent Immunoglobulins 
Fluorescent immunoglobulin studies were performed on Brucella 
canis antigens that had agglutinated in serum samples o f d if fe re n t a n t i ­
body t i t e r s .  An untreated antigen sample was included fo r  a background 
control. The complete results of these studies are shown in APPENDIX B, 
Table 5.
Antigen from the high t ite re d  samples had s ig n if ica n t amounts 
of IgM globulin, and the low t i t e r  serum contained a questionable amount.
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The untreated antigen, antigen from the negative t i t e r  adult serum, and 
antigen from the newborn in fant serum had nondetectable amounts of IgM 
immunoglobulin present.
Antigen from a l l  serum samples had questionable amounts of IgG 
globulin with the exception of the untreated antigen and of the low 
t i t e r  adult serum sample which was negative fo r  detectable amounts of 
IgG immunoglobulins. A ll of the samples were negative fo r  detectable 
amounts of IgA immunoglobulins.
Brucella canis and Brucella abortus Antibody 
Determinations on Paired Sera
Of 1,172 sera tested, 787 (67.1%) reacted with Brucella canis 
antigen and 64 (5.5%) were positive fo r  Brucella abortus antibodies 
(APPENDIX B, Table 6). Only 55 (7.0%) of the positive B^. canis sera re­
acted with abortus antigen also. Of these 55 sera, 19 had higher 
B^. canis antibody t i t e r s ,  18 had higher B^. abortus t i t e r s ,  and 18 had 
equal antibody t i te r s  to both antigens.
Evaluation of the M ic ro tite r  Plate Agglutination Technique
Thirty-n ine serum samples were tested for Brucella canis a n t i ­
bodies using the m icro tite r  technique and a standard tube technique.
The standard tube test was referred to  as the standard or accepted 
method, and the m icro tite r  test was compared to i t  (Table 7, APPENDIX B),
The s e n s it iv ity  of the m icro titer  method was 96.0 percent and the speci­
f i c i t y  was 85.7 percent. Two false positive results occurred using the
m icro tite r  technique, and one false negative occurred.
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Brucella canis Antibodies in Newborn 
Infants and Their Mothers
M ic ro tite r  agglutination tests for Brucella canis antibodies 
were performed on 193 sera from newborn in fants. Only 11 (5.7%) had 
antibody t i te r s  of 1:12 or greater with the highest t i t e r  being 1:24 
(Table 5).
F ifty -n ine  serum samples from mothers of these infants were 
also tested for the presence of B. canis antibodies and compared to 
th e ir  infants (Table 6 ) .  In a l l  instances, a mother's serum contained 
antibodies when the serum of her newborn in fant contained antibodies, 
and a newborn's serum was negative fo r B. canis antibodies when i ts  
mother's serum was negative. However, o f 42 newborn infants whose sera 
were negative for B^. canis antibodies, only 12 of th e ir  mothers were 
also negative (28.6 percent). Also, a mother whose serum contained 
canis antibodies could have a newborn whose serum was without a n t i ­
bodies; a result that occurred 63.8 percent of the time (30/47).
Prevalence o f  Brucella canis Infection Among Subjects 
with an Average Exposure to Dogs
The d is tr ib u tio n  o f Brucella canis antibodies in sera of per­
sons with an average exposure to dogs is presented in Table 7. Of 2,026 
sera tested, 67.8 percent exhibited evidence of in fec tio n . There were 
58 (2.9/. ) subjects with antibody t i te r s  of 1:96 or greater.
The prevalence of B. canis in fection , by sex, is shown in 
Table 8. Females had a 10.3 percent higher prevalence rate of infection  
than did males. This difference was s ta t is t ic a l ly  s ign if ican t
(p  ^ 0.001).
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TABLE 5
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY 
TITERS AMONG NEWBORN INFANTS
Antibody T ite r Number Percent
0 157 81.3
1 :6 25 13.0
1:12 9 4.7
1:24 2 1.0
Total 193 100.0
TABLE 6
BRUCELLA CANIS ANTIBODIES IN NEWBORN INFANTS 
AND CORRESPONDING MOTHERS
Newborn Infants
Mothers Positive® Negative^ Total
Positive^ 17 30 47
Negati ve^ 0 12 12
Total 17 42 59
1:6 or greater antibody t i t e r ,  
0^ antibody t i t e r .
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TABLE 7
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY TITERS AMONG SUBJECTS 
WITH AN AVERAGE EXPOSURE TO DOGS
Antibody T i te r Number Percent
i  1 :6* 653 32.2
1 :12^ 538 26.5
1 :24 559 27.6
1 :48 218 10.8
1 :96 45 2.3
1 :192 12 0.6
1 :384 1 0.0
> 1 :768 0 0.0
Total 2,026 100.0
1:6 or less antibody t i t e r  - Not infected.
1:12 or greater antibody t i t e r  - Infected-
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TABLE 8
BRUCELLA CANIS INFECTION IN SUBJECTS WITH AN AVERAGE 
EXPOSURE TO DOGS, BY SEX
Infection Status Prevalence of 
Infection (%)Subjects Positive^ Negative^ Total
Males 567 346 913 62.1
Females 806 307 1,113 72.4
Total 1,373 653 2,026 67.8
X = 24.4270 p < 0.001 
1:12 or greater antibody t i t e r .
1:6 or less antibody t i t e r .
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The largest proportion of subjects in this population were the 
15-24 year and the 25-34 year age group. Together, these age groups 
contributed 64.0 percent of the tota l population (Table 9 ) .  The two 
extreme ages of l i f e  (below age 15 and above age 64) consisted o f  only
6.4 percent of the tota l population.
Most age groups according to sex were comparable (Table 9 ) .  
However, the 15-24 year age group consisted of approximately 10 percent 
more females which was due to the large Obstetric C lin ic  at The Univer­
s ity  Hospital. The donating of blood by more males accounted fo r  the 
difference, by sex, in the 35-44 year age group.
The d istr ibu tion  o f B. canis antibody t i t e r s ,  by age, is  pre­
sented in Table 10. The prevalence of canis in fection ranged from
78.4 percent in the 3-14 year age group to 48.2 percent in persons 65 
years and older. There was an apparent tendency for the prevalence of 
infection to decrease as age increased. This inverse re la tionship  be­
tween age and the prevalence of B^. canis infection was especially  pro­
nounced in the females (Table 11) when compared to the males (Table 12).
The overall chi-square value for the females, by age, was 
50.3015, which, with four degrees of freedom, was s ta t is t ic a l ly  s ig n i f i ­
cant (p ■ 0 .001 ). This highly s ign if ican t value was due almost com­
plete ly  to a l in e a r  trend rather than a curv ilinear trend since depar­
ture from l in e a r  regression was not s ta t is t ic a l ly  s ig n if ican t (Table 11). 
Even though the chi-square value fo r  the males, by age, was less than 
fo r  the females, i t  was also s ta t is t ic a l ly  s ig n if ican t with a probab ility  
less than 0.001 (Table 12). However, the data did not conform to a 
stra ight l in e  l in e a r  relationship as did the females.
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TABLE 9
DISTRIBUTION OF SUBJECTS WITH AN AVERAGE 
EXPOSURE TO DOGS,BY AGE AND SEX
Age
Mai es Females
Total PercentNumber Percent Number Percent
3-14 19 2.1 32 2.9 51 2.5
15-24 298 32.6 466 41.9 764 37.7
25-34 256 28.0 277 24.8 533 26.3
35-44 157 17.2 122 11.0 279 13.8
45-54 97 10.6 100 9.0 197 9.7
55-64 48 5.3 75 6.7 123 6.1
65+ 38 4.2 41 3.7 79 3.9
Total 913 100.0 1,113 100.0 2,026 100.0
TABLE 10
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY TITERS AMONG SUBJECTS 
WITH AN AVERAGE EXPOSURE TO DOGS, BY AGE
Anti body T iters
1 63 1 12b 1 24 1 :4 8 1 :96 1 :192 1 :3£14 Total
Age No. No. C '.'3 No. % No. % No. % No. % No. % No. %
3-14 11 21.6 13 25.5 17 33.3 8 15.7 2 3.9 0 0 0 0 51 100.0
15-24 172 22.5 212 27.7 251 32.9 102 13.4 24 3.1 3 0.4 0 0 764 100.0
25-34 191 35.8 129 24.2 129 24.2 70 13.1 9 1.7 4 0.8 1 0.2 533 100.0
35-44 102 36.5 90 32.3 64 22.9 18 6.5 2 0.7 3 1.1 0 0 279 100.0
45-54 85 43.1 47 23.9 51 25.9 10 5.1 4 2.0 0 0 0 0 197 100.0
55-64 51 41.6 26 21.1 34 27.6 8 6.5 3 2.4 1 0.8 0 0 123 100.0
65+ 41 51.8 21 26.6 13 16.5 2 2.5 1 1.3 1 1.3 0 0 79 100.0
Total 653 32.2 538 26.5 559 27.6 218 10.8 45 2.3 12 0.6 1 0 2,026 100.0
-p .
^1:6 or less antibody t i t e r  - Not infected. 
^1:12 or greater antibody t i t e r  -  Infected.
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TABLE n
BRUCELLA CANIS INFECTION AMONG FEMALES WITH AN AVERAGE 
EXPOSURE TO DOGS, BY AGE
Age
Infection Status
Total
Prevalence of 
Infection {%)Positive* Negative^
3-14 26 6 32 81.3
^ 4 0 4 C ^ 9 4 ^ 4 9 8 ^ 8 1 . 1
15-24 378 88 466 81.1
25-34 196 81 277 70.8
35-44 85 37 122 69.7
45-54 60 40 100 60.0
55-64 44^ 32 76 57.9
^ 6 1 ^ 1 1 6 ^ 5 2 . 6
65+ 17 23 40 42.5
Total 806 307 1,113 72.4
<|4df) = 50.3015 p < 0.001
1:12 or greater antibody t i t e r .
^1:6 or less antibody t i t e r .
'Age groups combined fo r  s ta t is t ic a l  analyses.
Source of Variation d . f . xi Probability
Due to linear regression 1 48.5715 p < 0.001
Departure from regression line  3 1.7300 Not S ig n if ican t
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TABLE 12
BRUCELLA CANIS INFECTION AMONG MALES WITH AN AVERAGE 
EXPOSURE TO DOGS, BY AGE
Age
Infection Status
Total
Prevalence of 
Infection {%)Positive^ Negative^
3-14 14 5 19 73.7
% 2 2 8 ^ ^  89 317 ^ 7 1 . 9
15-24 214 84 ^ 298 71.8
25-34 146 110 256 57.0
35-44 92 65 157 58.6
45-54 52 45 97 53.6
55-64 28 20 48 58.3
^ 4 9 ^  37 86 \ 57.O
65+ 21 17 38 53.3
Total 567 346 913 62.1
= 20.5435 p < 0.001
1:12 or greater antibody t i t e r .  
^1:6 or less antibody t i t e r -
'Age groups combined for s ta t is t ic a l  analyses.
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Tables 13 and 14 present data concerning the prevalence of in ­
fection with canis among subjects, by sex, grouped according to hos­
p ita l iz a t io n  status, hospital employees, students, and blood donors.
Among the males (Table 13), B. canis in fection ranged from 55.6 percent 
in the employees and students to 65.9 percent in the non-hospitali zed 
patients. The rates o f  infection in the various groups of males did 
not d i f fe r  s ig n if ic a n t ly .  Within the female groups (Table 14), however, 
there was a s ig n if ica n t difference (p < 0.010) in the prevalence of in ­
fection. B^. canis infection was from 64.0 percent in the hospitalized  
patients to 78.5 percent in the female employees and students. Except 
for  the hospitalized females, a l l  the female groups had a higher pre­
valence of B. canis infections than the male groups, respectively.
Prevalence of Brucella canis In fection Among Subjects 
with a Potentially  High Exposure to Dogs
The d istr ibu tion  of Brucella canis antibodies in the sera o f 73 
practicing veterinarians and 170 veterinary students is shown in Table 15, 
The veterinarians had an infection rate of 72.6 percent while the v e te r i ­
nary students exhibited a rate of 63.5 percent (Table 16). The d i f f e r ­
ence in the prevalence of canis infections in the two groups was not 
s ta t is t ic a l ly  s ig n if ican t. The practicing veterinarians, however, had 
higher t i te rs  o f B^. canis antibodies than did the veterinary students 
(Table 15). Fourteen (19.4%) veterinarians had antibody t i te r s  of 1:96 
or greater compared to 6 (3.6%) in the students. Five veterinarians  
demonstrated canis antibody t i te r s  o f 1:768 or greater. None o f the 
veterinary students exhibited comparable levels of antibodies.
B. canis infection among veterinary students, by academic class.
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TABLE 13
BRUCELLA CANIS INFECTION IN MALES ACCORDING TO HOSPITALIZATION 
STATUS, EMPLOYEES AND STUDENTS AND BLOOD DONORS
Infection Status Prevalence of 
Infection {%)Subjects Positive^ Negative^ Total
Hospitalized Patients 98 61 159 61.6
Non-hospitalized
Patients 87 45 132 65.9
Employees and 
Students 25 20 45 55.6
Blood Donors 357 220 577 61.9
Total 567 346 913 62.1
X3df)
= 1.6600 P = Not S ign ificant
1:12 or greater antibody t i t e r .
1:6 o r  less antibody t i t e r .
52
TABLE 14
BRUCELLA CANIS INFECTION IN FEMALES ACCORDING TO HOSPITALIZATION 
STATUS, EMPLOYEES AND STUDENTS, AND BLOOD DONORS
Infection Status Prevalence of 
In fection  {%)Subjects Positive^ Negative^ Total
Hospitalized Patients 153 86 239 64.0
Non-hospi ta lized  
Patients 433 148 581 74.5
Employees and 
Students 106 29 135 78.5
Blood Donors 114 44 158 72.1
Total 806 307 1,113 72.4
* (3 d f) = 12.2592 p < 0.01
1:12 or greater antibody t i t e r .
1:6  or  less ant ibody t i t e r .
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TABLE 15
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY TITERS IN PRACTICING 
VETERINARIANS AND VETERINARY STUDENTS
Antibody
T ite r
Practicing Veterinarian Veterinary Students
Number Percent Number Percent
1 1 6" 20 27.4 62 36.5
1 12b 8 11.0 32 18.8
1 24 22 30.1 53 31.1
1 48 9 12.3 17 10.0
1 96 6 8.2 3 1.8
1 192 2 2.7 1 0.6
1 384 1 1.4 2 1.2
= 1 768 5 6.9 0 0
Total 73 100.0 170 100.0
1:6 or less antibody t i t e r  - Not infected.
1:12 or greater antibody t i t e r  -  Infected.
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TABLE 16
BRUCELLA CANIS INFECTION BETWEEN PRACTICING 
VETERINARIANS AND VETERINARY STUDENTS
Infection Status Prevalence of 
In fection {%)Subjects Positive^ Negative^ Total
Practi ci ng 
Veterinarians 53 20 73 72.6
Veterinary
Students 108 62 170 63.5
Total 159 84 243 66.3
X- = 1.8805 p 
' l:12  or greater antibody t i t e r .
0.20
1:6 or less ant ibody t i t e r .
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is presented in Table 17. The upper-classmen (th ird  and fourth year) had 
a higher in fection rate than the lower-classmen ( f i r s t  and second year).  
The difference in the prevalence of infection was considered s ign ificant  
( x '  = 3.0855, p 0 .1 0 ). All fourth year students had evidence of in ­
fection compared to 65.4 percent in the f i r s t  year students. Antibody 
t i te r s  tended to increase as the students progressed in th e ir  education 
and training (Table 18). Two fourth year students had B^. canis antibody 
t i te rs  of 1:384 which were higher than those of any other class.
There was no important difference in the prevalence of canis 
infection between the veterinary students (36.5%) and the male blood 
donors^G (36.1%) of a s im ilar  age (15-34 years o ld ) .  The veterinary  
students did reveal, however, the presence of higher levels of canis 
antibodies in th e ir  sera (Table 19).
The in fection rate among the practicing veterinarians was 
found to be s ig n if ic a n t ly  higher (p - 0.01) than that o f th e ir  male 
blood donor^^ counterparts (Table 20). Of 210 male blood donors who had 
serological evidence o f B^. canis in fection , only 7 (3.3%) had antibody 
t i te rs  of 1:96 or greater as compared to 14 (26.4%) among the practicing  
veterinarians (Table 21).
Prevalence of Brucella canis Infection Among Patients 
with Fevers of Undetermined Origin
The d is tr ibu tion  of Brucella canis antibodies in sera from
^^This group was used to compare with the veterinary students 
because of i ts  s im ila r it ie s  in age, sex, and general health status.
^^This group was used to compare with the practicing veterin­
arians because of i t s  s im ila r it ie s  in age, sex, and general health 
status.
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TABLE 17
BRUCELLA CANIS INFECTION AMONG VETERINARY STUDENTS 
ACCORDING TO ACADEMIC CLASS
Academic
Class
Infection Status
Total
Prevalence of 
Infection {%)Positive^ Negative^
F irs t 34 18 52 65.4
Second 28 26 54 51.9
Thi rd 30 18 48 70.0
Fourth 16 0 16 100.0
Total 108 62 170 63.6
*(3df)  = 12-4625
' l:12  or greater antibody t i t e r .
0.01
1:6 or  less ant ibody t i t e r .
TABLE 18
DISTRIBUTION OF BRUCELLA CANIS ANTIBODIES IN INFECTED 
VETERINARY STUDENTS BY ACADEMIC CLASS
Academic
Antibody T i te r
Total1 12 1 :24 1:48 1 :96 1:192 1 :3 84
Class No. % No. % No. % No. % No. % No. % No. %
F irs t 10 29.4 21 61.8 2 5.9 0 0 1 2.9 0 0 34 100.0
Second 12 42.8 11 39.3 4 14.3 1 3.6 0 0 0 0 28 100.0
Third 7 23.3 14 46.7 7 23.3 2 6.7 0 0 0 0 30 100.0
Fourth 3 18.7 7 43.7 4 25.1 0 0 0 0 2 12.5 16 100.0
cn
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TABLE 19
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY TITERS IN INFECTED 
VETERINARY STUDENTS AND MALE BLOOD DONORS 
OF THE SAME AGE (15-34)
Antibody
Titers
Veterinary Students Male Blood Donors
Number Percent Number Percent
1 :12 32 29.6 124 48.2
1 :24 53 49.1 97 37.8
1 :48 17 15.7 29 11.3
1 :96 3 2.8 5 1.9
 ^ 1:192 3 2.8 2 0.8
Total 108 100.0 257 100.0
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TABLE 20
BRUCELLA CANIS INFECTION BETWEEN PRACTICING VETERINARIANS 
AND MALE BLOOD DONORS OF CORRESPONDING AGES 
(25-54 YEARS OLD)
Infection Status Prevalence of 
Infection {%)Subjects Positive^ Negative^ Total
Practi ci ng 
Veterinari ans 53 20 73 72.6
Male Blood Donors 210 159 369 56.9
Total 263 179 442 59.5
X - = 6.2277 p ~ 0 .01
*1:12 or greater antibody t i t e r .
*1:6 or less antibody t i t e r .
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TABLE 21
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY TITERS AMONG INFECTED 
PRACTICING VETERINARIANS AND MALE BLOOD DONORS 
OF THE SAME AGE (25-54)
Anti body 
Titers
Practicing Veterinarians Male Blood Donors
Number Percent Number Percent
1 12 8 15.1 101 48.1
1 24 22 41.5 83 39.5
1 48 9 17.0 19 9.1
1 96 6 11.3 3 1.4
1 192 2 3.8 4 1.9
1 384 1 1.9 0 0
> 1 :768 5 9.4 0 0
Total 53 100.0 210 100.0
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patients with fe b r i le  illnesses is presented in Table 22. This group
of persons had a B^. canis infection rate o f 80.5 percent compared with
1 ft
63.1 percent for the to ta l hospitalized population (Table 23). The 
difference in in fection rates was s t a t i s t ic a l ly  s ign if icant (p < 0 .001).
Relationship Between Brucella canis Infection  
and Exposure to Dogs
The random sample selected among Brucella canis infected (cases) 
and non-infected (controls) persons with an average exposure to dogs, by 
age and sex, is shown in APPENDIX B, Table 8. There was no s ign if icant  
difference between the random sample and the population from which i t  
was selected. Three hundred questionnaires, equally divided between 
cases and controls, were mailed (15 percent sample s iz e ) ,  and 101 (33.7%) 
were answered (APPENDIX B, Table 9 ) .  The control group had a 38.7 per­
cent response ra te , while the canis infected group responded at a
rate of 28.7 percent, p < 0.10 ( APPENDIX B, Table 10).
19
The data concerning the re lationship  between present exposure 
to dogs and the prevalence of B. canis in fection  is  presented in Table 
24. Persons having serological evidence of infection had an exposure 
rate of 69.8 percent to one or more dogs compared to 51.7 percent for  
the control group. The observed difference had a probability  o f approxi­
mately 0.10 and was considered of borderline significance.
The control group had a mean of 1.63 dogs per person and a
18This group was used to compare with the F.U.O. patients be­
cause of its  hospita lization status. I t  consisted of persons with an 
average exposure to dogs.
19Subject having a dog at the time of blood co llection .
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TABLE 22
DISTRIBUTION OF BRUCELLA CANIS ANTIBODY TITERS AMONG PATIENTS 
WITH FEVERS OF UNDETERMINED ORIGIN
Antibody T i te r Number Percent
:  1:6* 22 19.5
1:12^ 27 23.8
1:24 35 31.0
1:48 19 16.8
1 :96 4 3.5
1:192 3 2.7
1:384 1 0.9
.  1:768 2 1.8
Total 113 100.0
1:6 or less antibody t i t e r  - Not infected.
1:12 o r  g r e a t e r  ant ibody t i t e r  -  In fe c te d .
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TABLE 23
COMPARISON OF BRUCELLA CANIS INFECTION BETWEEN PATIENTS 
WITH FEVERS OF UNDETERMINED ORIGIN AND ALL 
OTHER HOSPITALIZED PATIENTS
Infection Status Prevalence of 
In fection (%)Subjects Positive^ Negative^ Total
F.U.O. Patients 91 22 113 80.5
Hospitalized Patients 251 147 398 63.1
Total 342 169 511 66.9
, 2  = 12.1322 p < 0.001
1:12 or greater antibody t i t e r .
1:6 or  less ant ibody t i t e r .
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TABLE 24
RELATIONSHIP BETWEEN PRESENT EXPOSURE* TO DOGS 
AND BRUCELLA CANIS INFECTION
Exposure 
to Dogs
Subjects
Cases^ Controls^ Total
Yes 30 (69.8)d 30 (51.7) 60
No 13 (30.2) 28 (48.3) 41
Total 43 (100.0) 58 (100.0) 101
Xg = 2.6274 0.10
Subject having a dog a t  time blood was collected. 
^1:12 and 1:48 or greater antibody t i te r s  -  Infected. 
'0 antibody t i t e r  - Not infected.
Percent o f  t o t a l .
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median of 1.88 (Table 25). Subjects who had evidence o f B^. canis in fec­
tion had a mean and median of more than two dogs per person. The data 
also revealed that the mean and median number of dogs increased as the  
canis antibody t i t e r  increased.
Of the subjects (cases and controls) who had dogs at the time 
blood was collected, 59.8 percent considered them to be prim arily out­
side dogs^^ compared to 40.2 percent as prim arily inside dogs^  ^ (Table 
26). However, 46.8 percent of the cases regarded th e ir  dogs to be p r i ­
marily inside dogs compared to 32.0 percent fo r  the controls. Even 
though the chi-square value was not interpreted as highly s ign ificant  
( p < 0 .2 0 ) ,an apparent trend was observed. Persons who had serological 
evidence of B^. canis in fection appeared to have more inside dogs than 
those without IB. canis in fection . There were no apparent differences in 
breed or sex of dog among the cases and controls. Also, occupation and 
the length of time a person had a dog appeared to be unimportant factors  
in the development of B. canis infections.
Of the 41 subjects (cases and controls) who did not have a dog 
when th e ir  blood was collected for B^. canis antibody determinations,
61.0 percent had a dog previously (Table 27). Only three (23.1%) of the 
persons who had serological evidence of B^. canis in fection never had a 
dog compared to 13 (46.4%) in the control group. However, this observed 
difference was not considered s ta t is t ic a l ly  s ig n if ica n t.
Data in Table 28 demonstrates both present and past exposure to 
dogs and the association of jB. canis infections in the cases and controls,
20Dog stays prim arily  outside of house.
21 Dog stays prim arily  inside of house.
TABLE 25
NUMBER OF DOGS OWNED AMONG BRUCELLA CANIS 
INFECTED SUBJECTS AND CONTROLS
Number of Dogs Total Total
Subjects 1 2 3 4 5 6 7 8 Dogs Subjects Mean Median
Controls^ 17 9 3 0 1 0 0 0 49 30 1.63 1.88
Infected^ 
(Low t i te r s ) 7 5 2 1 0 0 0 0 27 15 1.80
2.10
Infected^ 
(High t i t e r s ) 6 4 3 0 1 0 0 1 36 15 2.40
2.38
Total
Infected 13 9 5 1 1 0 0 1 63 30 2.30 2.22
0 antibody t i t e r  - Not infected.
^1:12 antibody t i t e r  -  Infected.
^1:48 or greater antibody t i t e r  - Infected.
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TABLE 26
RELATIONSHIP BETWEEN BRUCELLA CANIS INFECTION 
AND PRIMARY HABITAT OF DOG
Habitat Subjects
of Dog Cases^ Controls^ Total
Inside^ 29 (46.8)® 16 (32.0) 45 (40.2)
Outside^ 33 (53.2) 34 (68.0) 67 (59.8)
Total 62 (100.0) 50 (100.0 112 (100.0)
xl  = 1.9386 p < 0.20 
1:12 and 1:48 or greater antibody t i t e r  -  Infected. 
0 antibody t i t e r  -  Not infected.
Dog stays prim arily  inside of house.
Dog stays prim arily  outside of house.
Percent o f to ta l .
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TABLE 27
RELATIONSHIP BETWEEN PAST EXPOSURE* TO DOGS 
AND BRUCELLA CANIS INFECTION
Exposure 
to Dogs
Subjects
Cases^ Controls^ Total
Yes 10 (76.9)d 15 (53.6) 25 (61.0)
No 3 (23.1) 13 (46.4) 16 (39.0)
Total 13 (100.0) 28 (100.0) 41 (100.0)
col lection, 
b
Xg -  1.1715 p = Not Significant
‘Subject having a dog prior to ,  but not a t  the time o f ,  blood
1:12 and 1:48 or greater antibody t i t e r .  
'0 antibody t i t e r .
Percent o f  t o ta l
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TABLE 28
RELATIONSHIP BETWEEN PRESENT AND PAST EXPOSURE^  
TO DOGS AND BRUCELLA CANIS INFECTIONS
Exposure 
to Dogs
Subjects
Cases^ Controls'" Total
Yes 40 (93.0)d 45 (77.6) 85
No 3 ( 7.0) 13 (22.4) 16
Total 43 (100.0) 58 (100.0) 101
x2 = 3.3970 0.05
Ever had a dog.
1:12 and 1:48 or greater antibody t i t e r .  
'0 antibody t i t e r .
Percent o f  to ta l
70
When both types of exposure to dogs were combined, the observed d i f fe r ­
ence approached defin ite  s ta t is t ic a l  significance (p - 0 .05 ).
CHAPTER IV 
DISCUSSION
Brucella cam's antigen obtained from the U.S.D.A. appeared to 
be specific  for B. canis antibodies [5 3 ]. The antigen did not react 
with non-specific serum proteins. I f  the sera contained non-specific  
protein that would react with B^. canis antigen, agglutination should 
have resulted a fte r  absorption. B^. canis antigen did not react with 
antibodies specific fo r other bacterial antigens which included micro­
organisms within the same family as canis. Many of the sera did, 
however, agglutinate the pooled antigen. This was probably due to the 
fact that an 0X19 antigen o f  Proteus vulgaris was included in the pooled 
antigen. This organism is often isolated from the gastrointestinal t ra c t  
of man and is considered a normal commensal organism. Therefore, man 
could normally have low antibody t i te r s  to th is  organism in his serum.
Studies have not been performed on human sera to determine the 
classes of antibodies (immunoglobulins) produced by B^. canis in fections, 
and only one such study has been attempted in dogs. Spink [54] reported 
that immunoglobulins found in Beagles with canis disease were c lass i­
fied as IgM agglutinating antibody in pure form and three d i f fe re n t  forms 
of IgG antibodies. The results of the fluorescent immunoglobulin studies 
on human sera were s im ilar to those performed in dogs by Spink. In order 
to confirm the presence o f  IgG antibodies in the sera, mercaptoethanol
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agglutination tests were performed on some high t i te re d  samples by the 
State and Federal Brucellosis Laboratory, and the results demonstrated 
that some of the sera contained mercaptoethanol-resistant or IgG a n t i ­
bodies specific  for B^. canis [5 5 ]. The newborn serum sample (APPENDIX 
B, Table 5) did not contain IgM antibodies and questionable fluorescence 
fo r  IgG antibody. These results were consistent with the fact that IgM 
antibody cannot cross the placenta and can be present only from the re ­
s u lt  o f  an in  utero infection.
In order to further determine the s p e c if ic ity  o f the canis 
antigen, cross-reactions to B^. abortus antigen were studied. Of the sera 
tested, 4 .7 percent showed the presence of abortus antibodies. This 
rate was s im ilar  to that reported by other investigators [56, 57]. Among 
the positive canis sera (67.1%), 7 percent were also positive to B^. 
abortus antigen (Table 6, APPENDIX B). These reactions could have been 
due to e ith e r  cross-reactions or to dual infections. However, on the 
basis of the results from the other s p e c if ic ity  studies performed, i t  
would appear that the la t te r  explanation is more p lausible.
The m icro tite r  plate agglutination technique compared favorably 
with a standard macro tube agglutination technique; other investigators  
[45, 47, 58, 59] have reported s im ila r  findings. There were some d i f ­
ferences in the results between the two methods, but they were not con­
sidered s ig n if ic a n t .  The m ic ro tite r  plate agglutination technique was 
a valuable tool in this investigation because a large number of samples 
were involved. This method of determining infection by the presence o f  
antibodies can be very accurate and precise in the hands of competent 
personnel.
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The results of the studies performed on newborn in fants ' sera 
indicated that although B^. canis antibodies were able to cross the 
placenta, none of the infants had high antibody t i t e r s .  Only 5.7 per­
cent of the newborns had antibody t i t e r s  of 1:12 or greater compared to 
69.2 percent for the other subjects in the study. These newborn subjects 
had no risk of antigenic stim uli; therefore, the presence of IB. canis 
antibodies were most l ik e ly  a result o f  transplacental antibody transfer. 
In addition to the evidence of the transplacental passage of maternal 
B. canis antibodies from mother to offspring , this phase of the investi­
gation further supported the concept that canis antigen was specific  
for B^. canis antibodies. There were no mothers who were negative for 
B^. canis antibodies when th e ir  newborn infants were positive , and no 
newborns were positive when the ir  mothers were negative for B^. canis 
antibodies. The results showed, however, that some of the mothers had 
B^. canis antibodies even though th e ir  newborn infants appeared negative. 
There may be two explanations for these findings. The newborns would 
not have received antibodies from th e ir  mothers i f  the antibodies were 
only of the IgM class. Also, i f  IgG antibodies were present in minute 
amounts, they may not have been detectable by the present method. The 
results from these studies were s im ilar to those found by Carmichael and 
Kenney [11 ]. These investigators reported that antibody tests from 
several l i t t e r s  of pups from bitches that had apparently recovered from 
B. canis disease suggested that they had not acquired in fection in utero. 
They did s tate , however, that low levels of maternal antibody (IgG) were 
detected in several pups.
A tota l of 1,373 (67.8%) subjects having an average exposure to
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dogs exhibited serological evidence of infection. Females had a s ig n i­
f ic a n t ly  higher prevalence rate of infection than did males. This 
apparent difference in rates may be due to e ither the female's a b i l i t y  
to produce a more e f f ic ie n t  antibody response (b io log ica l) [60] or to 
an increased exposure to dogs by the females.
That the human male is  more susceptible than the female to most 
infectious diseases is  fa m ilia r  knowledge. This is  due in part to the 
d if fe re n t  soc ia l, cu ltu ra l,  and occupational exposure of the two sexes, 
but i t  may also be a result o f ,  as mentioned previously, biological 
differences. The biological differences have been hypothesized by 
Washburn and co-workers [60] to be a result of a greater quantity of  
genetic material possessed by the female X chromosone resulting in a 
higher antibody response. Good and co-workers [61] have shown that the 
fam ilia l d is tr ibu tion  of some patients with reduced blood levels of 
immunoglobulins (hypogammaglobulinemia) suggests that a gene on the fe ­
male X chromosone has some role in the production of antibodies. I t  has 
also been demonstrated, under experimentally controlled conditions, that 
female animals have a higher resistance to disease than male animals 
[62].
I t  is  well established that brucellosis due to B^. abortus occurs 
more frequently in males than in females. This difference is generally  
assumed to be a result of a higher degree of infection due to increased 
occupational exposure in males (Reviewed by Spink [6 3 ] ) .  Assuming fe ­
males had a more e f f ic ie n t  antibody response than males, one might ex­
pect the prevalence of B^. abortus infections to appear higher in females 
than in males i f  a sample of the general population (average exposure)
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was tested for abortus antibodies. However, studies by other in ves ti­
gators [64, 65, 66, 67] indicate that females do not show a s ign if icantly  
higher prevalence of B^. abortus antibodies than that o f males. This 
suggests that when s ign if icant differences in brucellae in fection  rates 
occur between the sexes, based on the presence of spec ific  antibodies, 
these differences are primarily a re su lt  of increased exposure to the 
agent rather than biological differences. The fact that females had an 
almost identical in fection rate (72.4%) with canis as the practicing  
veterinarians (72.6%) would also suggest that the d ifference in infection  
between males and females was due to exposure differences and not to 
biological differences.
There are several reasons why females may have more exposure 
to B^. canis than males. Females have the major responsib ility  of house­
keeping, which usually includes taking care of the family dog. I t  has 
been documented previously that the portals of e x it  o f the organism 
from diseased dogs are vaginal discharges, milk, semen, and urine.
There have been no reports of attempts to isolate B^. canis from dog 
feces, although feces is regarded as a possible route o f transmission 
for the other brucellae [63]. Females, consequently, would have a much 
higher exposure potential of acquiring B^. canis in fection than males as 
a result of every day tasks, such as housecleaning (resp iratory  trac t  
transmission) and the handling of dog waste products ( in d ire c t  trans­
mission). Examples of d irect transmission might include bathing the 
dog, assisting in the delivery of pups, and usual physical contact in a 
close dog - master relationship.
Investigations have not been conducted to determine the
76
d ivers ity  of environmental conditions under which B^. canis w i l l  remain 
viable; however, this has been studied in the other species of B rucella . 
These organisms w il l  remain v iable in soil dried under natural conditions 
for 43 days and in damp soil fo r  72 days, but exposure to the sun re ­
duces the survival time to only a few hours [6 3 ].  Kuzdas and Morse [68] 
reported that brucellae have been detected in tap water fo r  10 days a t  
25 C, but water kept at 8 C permitted survival fo r  57 days. These same 
investigators determined that brucellae would survive fo r 385 days in 
untreated manure kept at 8 C. Brucellae organisms can also survive on 
cloth and fabric  fo r 5 to 78 days [63 ].
The apparent high resistance of these organisms to environmental 
conditions is  rather unique in respect to the d i f f i c u l t ie s  encountered 
when attempts are made to culture them in v itro  from c lin ica l specimens. 
Nevertheless, i f  B. canis has s im ilar  environmental characteristics as 
the other Brucella and is capable of surviving outside the d e f in i t iv e  
host fo r  long periods of time, then i t  would be reasonable to assume 
that man could readily  become infected with this organism.
Age is a variable that should be considered in epidemiologic 
studies. The age of the subject may influence the type o f disease occur­
ring. Knowledge of age associations is important fo r two reasons [70]:  
a) the study of variation in the frequency of a disease may assist in 
understanding the factors responsible fo r  i ts  development and b) asso­
ciations between age and disease frequency may be so strong that age 
may produce ind irect effects tha t must be considered in the examination 
of differences in disease rates related to other variables.
Factors governing the age incidence of disease may be divided
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into environmental factors, host factors, and factors related to the 
agent of disease [71 ]. Environmental factors are conditions which may 
a lte r  the likelihood o f exposure to in fection. Of the host factors 
which may a ffec t  the age incidence of disease, specific  immunity to in ­
fection, endocrine factors, and tissue su scep tib ility  play important 
roles. The age incidence of disease is also affected by the in fectious­
ness of the agent. D if fe ren t microorganisms are known to vary in th e ir  
in fe c t iv i ty  fo r  various age groups. None of these factors alone, how­
ever,can explain the age incidence of any disease. Aging involves the 
passage of time which is accompanied by exposure to various environmental 
conditions and infectious agents that can a l te r  body chemistry and 
physiology.
In the present study, both sexes exhibited differences in the 
prevalence o f B. canis in fec tio n , by age. A d e f in i te  l in e a r  trend [69] 
was observed. The differences in age were prim arily  due to a decrease 
in infection as age increased, pa rt ic u la r ly  in females. I t  may be 
argued that the decrease in canis infection with increasing age is 
due to the host's in a b i l i ty  to produce humoral antibodies as age in ­
creases and not due to a decrease in exposure. In order to examine 
these p o s s ib i l i t ie s ,  a search of the l i te ra tu re  was made to find a study 
that was performed under s im ilar conditions as the present investigation. 
These conditions would include: a) the selection of subjects with an
average exposure to an infectious agent s im ilar to B^. canis, b) the 
subjects s t ra t i f ie d  by age and sex, and c) the use of a serologic test  
to detect in fection . Harrison and Manch [64] conducted such a study in 
1928. They were concerned with the possible existence of disease due to
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infection with Brucella abortus in England. The subjects were blood 
donors s t r a t i f ie d  by age and sex. Infection with B^. abortus was in te r ­
preted as the presence of B^. abortus antibodies. There was no s t a t i s t i ­
cal difference in the rates of B^. abortus in fection by age in e ith e r  
sex, nor was the chi-square value due to l in e a r  regression s ig in f ic an t.  
From the results of this study, i t  appeared that the antibody response 
to B^. abortus antigen did not decrease as age increased. I f  th is  type 
of antibody response is s im ilar  for a l l  species o f  Brucella, then age 
differences observed in the present investigation are most l ik e ly  a re ­
s u lt  in differences in exposure to B^. canis.
There are several explanations, based upon exposure to dogs, 
that would account for the decrease in B^. canis infections with increas­
ing age. Very young persons would have a higher risk of infection than 
young adults because of th e ir  closer contact with dogs. Young adults 
would have a higher in fection rate than older persons because th e ir  
children would have dogs. As the children mature and leave the home, 
the family dog may die from old age or the parents may have no further  
need to keep the dog; therefore, exposure potential would be less in  
older persons, and antibodies would wane in the absence of antigenic  
stim uli. Other evidence that would support th is  age -  exposure hypoth­
esis is tha t females in this study have a higher infection rate than 
males in almost every age category which, as previously discussed, is  
very l ik e ly  a resu lt of greater contact with dogs.
The practicing veterinarians had higher t i te r s  of B^. canis 
antibodies than the veterinary students. This would imply that ve ter in ­
arians had an increased frequency of exposure to dogs (small, but
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continuous doses of the organism) or contact with more, severely i l l  
dogs (large doses of the organism). The veterinarians had s ign if icantly  
higher B. canis infection rates than did male blood donors of the same 
age, which was probably due to an increased frequency of exposure to 
infected dogs.
There were s ign ificant differences in the prevalence and degree 
(high antibody t i t e r s )  of infection among the veterinary students accord­
ing to academic class. Upper-classmen had a 13.4 percent higher in fec­
tion rate than lower-classmen (p < 0 .1 0 ) ,  and the antibody t i te rs  were 
also much higher in the upper-classmen than in the lower-classmen.
These differences provide evidence that a higher degree o f exposure to 
dogs (quantita tive  and qu a lita t ive ) occurred in the upper-classmen.
The subjects with undiagnosed fe b r i le  illnesses were a group 
selected on the basis of type of i l lness  and not on th e ir  exposure to 
dogs. The prevalence of canis in fection in th is  group of persons 
was highly s ig n if ic a n t when compared to a l l  other patients. Five persons 
(1.8%) had B. canis antibody t i te rs  of 1:768 or greater, and two of 
these had an admitting diagnosis of non-bacteriologically proven 
brucellosis. I t  may be that a number of persons who have fevers of un­
determined orig in have brucellosis due to B. canis.
In order to test the hypothesis that B^. canis infection was a 
result of exposure to dogs, a case (infected) - control (not infected) 
study was conducted. This type of study would also lend support to the 
s p e c if ic ity  of the B. canis antigen. The case - control type of ep i­
demiological study has been reviewed extensively by MacMahon and Pugh 
[70] in re la tion  to the selection of cases and controls, information on
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exposure, analysis, and in terpre ta tion .
Approximately one-third of the tota l mailed questionnaires were 
answered. The response rate was low in comparison to other studies [72, 
73, 74]. Factors which may have accounted for the low response were: 
a) the sty le  in which the accompanying le t t e r  was w r it ten , b) the 
population involved, and c) the lack of funds available for follow-up 
on those who did not respond.
The s ty le  of the introductory le t te r  was admittedly impersonal. 
Certain guidelines were required by the Human Experimentation Committee 
and the Surgeon General's directive o f  February 8, 1966. Unless read 
very c a re fu l ly ,  the le t t e r  and consent statement might have been mis­
interpreted by the subjects involved in the study. Because o f  these 
new rulings, such le tte rs  may tend to frighten people from responding.
Perhaps one of the most important considerations fo r  the in ­
vestigator who wishes to obtain high response rates is the selection of 
a study population whose members are l ik e ly  to have some personal in te r ­
est in the study. Because the present investigation did not d ire c t ly  
a ffe c t  the persons involved, they may not have been motivated to answer 
and return the questionnaire. Also, the study groups were selected from 
an in s t itu t io n  whose primary obligation is the health care of indigents 
and, therefore, o f a low socioeconomic background. For th is  reason, re­
sponse rates might have been affected due to a lack of understanding the 
purpose o f the questionnaire and the technical language involved. I t  
must be remembered, however, that factors of lower socioeconomics would 
have affected both the infected and uninfected persons as fa r  as total 
response was concerned; therefore, response bias due to th is  factor was
81
thought to a ffe c t  both groups (cases and controls) equally.
The effects of nonresponse on such studies are many and have 
been discussed by several authors [70, 73, 74, 75]. I t  is often d i f f i ­
c u lt  to know whether the loss in nonresponse is selective with respect 
to the cases or the controls. To se ttle  this question, a more vigorous 
study of the nonresponders would be necessary. However, th is was not 
within the main scope of the present investigation nor were funds a v a i l ­
able for conducting such a study on the nonresponse variab le . In re tro ­
spect, the nonresponse may have affected the outcome of the study in 
favor of the controls rather than the cases. The cases had a 10 percent 
lower response rate than the controls. This might have been due to the 
fact that the cases had more dogs than the controls. Thus, the cases 
might have been reluctant to respond to the questionnaire because they 
were afra id  that th e ir  dogs might be seized.
The results of the case -  control study demonstrated that the 
dog was certa in ly  "man's best friend". Approximately 60 percent o f  the 
tota l subjects had a dog at the time th e ir  blood was collected, and 85 
percent had a dog at some time in th e ir  l ives . These facts would tend 
to make a study of th is  type d i f f i c u l t  to in terp re t because the controls 
as well as the cases had a high exposure rate to dogs. However, d e fin ite  
trends were observed. Even though both groups were exposed to dogs, the 
infected group had a higher exposure rate to dogs than did the controls 
(p '  0 .05). This suggested that exposure to dogs (cause) was necessary 
for B. canis infection (e f fe c t ) ,  but the association would be regarded 
as indirect evidence. In order for infection to have occurred, the 
agent must have been present in the dog. This fac to r was not determined.
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Since the infected persons had more dogs than the controls, th is  would 
suggest that the more dogs a person had, the more l ik e ly  the person 
would be infected with B. canis. Furthermore, the cases had more inside 
dogs than the controls. Although the difference was of borderline  
significance, i t  might imply that close contact was necessary for in ­
fection to occur.
Future studies concerning the epidemiology of B. canis infection  
in man should focus d ire c t ly  on the natural reservoir, the dog, and its  
relationship to man. One type of study that could be done would be a 
prospective study involving both sero logically  and bacterio log ica lly  
proven infected and uninfected dogs. Serial bloods could then be col­
lected on th e ir  owners in order to determine i f  and when serological 
evidence of infection or disease occurs. This type of study would also 
aid in determining i f  dogs with B. canis antibodies, in the absence of 
positive cultures, could transmit the in fection to man.
Studies need to be conducted to attempt to iso late  B^. canis 
from dog feces. This would be a d i f f i c u l t  task because o f the normal 
commensal organisms which are present in the gastrointestinal t ra c t .  
However, i f  i t  could be shown that jB. canis is transmitted through the 
feces of diseased dogs, the high prevalence of B^. canis in fection  in 
man could be more easily  explained.
Lastly , investigations concerning the resistance of B. canis 
to environmental exposure would be very helpful in understanding the 
route of transmission of the organism from dogs to man. I f  the organism 
can remain viable for long periods of time outside the host as can the 
other brucellae, infection may occur both d irec tly  or in d ire c t ly .
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In February, 1974, the Center for Disease Control [76] reported
that the incidence o f  canis disease may be higher than the number of
reported cases indicate. Furthermore, i t  was reported that a specific
canis antigen must be used because the standard brucellae antigen
used in fe b r i le  agglutinin testing would not react with B. canis a n t i ­
bodies. The results of the present investigation strongly support th e ir  
suppositions.
Although the incidence of canine brucellosis due to |[. canis 
is not known, the prevalence o f infection has been estimated to be about 
77 percent [2 4 ] .  This figure approximates that of human infection  
(67.8%) found in the present study. Since man is closely associated 
with dogs, th is  disease could become a potential public health problem 
for physicians as well as veterinarians. When the medical community 
becomes more aware of this newly recognized disease, i ts  incidence w i l l  
no doubt increase. However, before a reasonable estimate can be made 
of the magnitude o f the problem, B^. canis w i l l  have to be considered as 
a possible cause of disease, especially in patients with fevers of un­
determined o r ig in , with canis antigen used as a diagnostic tool fo r  
detecting B^. canis antibodies instead of the usual commercially a v a i l ­
able IB, abortus antigen.
CHAPTER V 
SUMMARY
A study was conducted to determine the prevalence of Brucella 
canis infection in specified human population groups in Oklahoma. In­
fection was interpreted as the presence o f  specific antibodies to B^. 
canis antigen a t  t i t e r s  of 1:12 or greater. The epidemiological tool 
used to detect these antibodies was the m icrotiter plate agglutination  
technique.
Preliminary studies were designed to determine the spec if ic ity  
of the antigen using agglutination-absorption techniques, immunofluores- 
cent studies, and paired sera tests using Brucella abortus and B. canis 
antigen. The results o f these studies exhibited strong evidence that 
the antigen was specific  for canis antibodies. I t  was also necessary 
to determine the r e l i a b i l i t y  o f the m ic ro tite r  plate agglutination tes t.  
I t  was found to be both sensitive and specific  when compared to the 
standard macro tube agglutination technique.
Three groups of subjects were selected to be tested for the 
presence of B^. canis antibodies based on th e ir  exposure to dogs: 
a) newborn infants (no exposure), b) blood donors, patients, and hos­
p ita l  employees (average exposure), and c) practicing veterinarians and 
veterinary students (high exposure). A fourth group was also examined 
for the prevalence of B^. canis in fection . These were i l l  patients with
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signs and symptoms that would be compatible with those caused by the 
brucellae (fevers o f undetermined o r ig in ) .
Some of the newborn infants exhibited B^. canis antibodies in 
cord blood samples taken at delivery. This indicated the presence of 
maternal antibodies. There were no B^. canis antibodies in infants whose 
mothers were negative for jB. canis antibodies.
Among 2,026 subjects considered to have an average exposure to 
dogs, 67.8 percent had serological evidence of B^. canis in fection . Fe­
males had a s ig n if ica n tly  higher prevalence of infection than males 
(p < 0 .001). There was also a s ign ificant difference (p < 0 .001), by 
age, in both sexes, with the infection rate decreasing with increasing 
age. I t  was suggested that the differences in B^. canis infection between 
sexes and among the various age groups were due to differences in ex­
posure to dogs.
The infection rates of canis among upper-classmen veterinary  
students were higher (p < 0.10) than those of lower-classmen. The d i f ­
ference was apparently due to greater exposure to dogs in the upper­
classmen.
The prevalence of B^. canis in fection in practicing veterinarians  
was s ta t is t ic a l ly  higher (p - 0.01) than that of male blood donors.
Also,the degree of infection (high antibody t i t e r s )  was much higher among 
the veterinarians than among the male blood donors. These results in d i­
cated that e ither  the veterinarians were exposed more frequently to 
diseased dogs (anamnestic response), or they were exposed to dogs which 
were more heavily infected with JB. canis.
Patients who had fevers of undetermined origin had a
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s ig n if ica n tly  higher (p • 0.001) antibody response to canis antigen 
than a l l  other patients. I t  was suggested that some of these patients  
might have had undiagnosed brucellosis due to B^. canis .
A case (infected) -  control (uninfected) study was conducted 
to tes t the hypothesis that persons infected with B^. canis have more ex­
posure to dogs than persons not infected. The population consisted of  
a random sample of subjects who were considered to have an average ex­
posure to dogs. Information concerning a history o f  dog exposure was 
obtained by the use of mailed questionnaires. The results of th is  study 
further supported the concept that 2- canis in fection in humans was 
associated with exposure to dogs. The cases (in fected) had a higher 
mean number of dogs than the controls (uninfected), and persons with a 
history of ever having dogs were s ig n if ic an tly  higher (p ~ 0.05) in the 
cases than in the controls.
Brucellosis due to canis is thought to be infrequent in 
humans (12 reported cases), but l i t t l e  published information is a v a i l ­
able concerning the prevalence o f in fection . The results of the present 
investigation strongly indicate th a t B. canis in fection is very prevalent 
in specified human population groups in Oklahoma. Ind irect evidence is  
presented that would suggest that human infection with B^. canis is 
associated with exposure to dogs.
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APPENDIX A
FLUORESCENT IMMUNOGLOBULIN PROCEDURE 
FOR ANTIGEN SPECIFICITY
An experiment was conducted using fluorescent antibodies to 
determine i f  human immunoglobulin was sensitiz ing Brucella canis a n t i ­
gen. B. canis antigen was incubated in human sera that had previously 
agglutinated the antigen. Sera with d if fe re n t agglutination t i t e r s  
were used. Antigen without incubation with serum was used as a control.
Heavy chain specific  fluorescein labeled human a n ti- IgG , a n t i -  
IgM, and anti-IgA  were used to determine which gamma globulin might be 
coating the B. canis antigen. Two antisera were used - -  one positive  
and one negative. The negative antisera was absorbed with red blood 
cells  coated with IgG and IgM gamma globulin. For anti-IgG absorption,
Rh positive red blood cells  were coated with anti-D , and fo r  anti-IgM  
absorption, type A red blood cells  were coated with anti-A. The positive  
anti sera was centrifuged and absorbed with untreated B^. canis antigen to 
eliminate unwanted specific staining.
Three antigen forms were used: a) untreated antigen, b) a n t i ­
gen treated with non-agglutinating serum, and c) antigen treated with  
agglutinating serum. Incubation of B. canis antigen in human serum was 
for 1 hr a t  37 C, and incubation o f the antigen in the anti serum was for 
30 min at 37 C.
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APPENDIX B
TABLE 1
STANDARD MACRO TUBE AGGLUTINATION TEST PROCEDURE 
FOR DETERMINING THE PRESENCE OF BRUCELLA 
CANIS ANTIBODIES
Procedure Tube Number1 2 3 4 5 6 7 8
Volume of 
saline (ml) 1.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Volume of 
serum (ml)
0.5
(mix)
1.0 of 
tube 1
1.0 of  
tube 2
1.0 of 
tube 3
1.0 of 
tube 4
1.0 Of 
tube 5
1.0 of 
tube 6
1.0 o f, 
tube r
I n i t i  al
serum
dilution
1:4 1:8 1:16 1 :32 1 :64 1 :128 1:256 1 :512
Volume of 
antigen (ml) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Final
serum
d ilu tion
1 :8 1:16 1 :32 1 :64 1 :128 1 :256 1 :512 1 :1024
1 ml from tube 8 is removed and discarded.
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TABLE 2
COMPARISONS OF THE MICROTITER PLATE AGGLUTINATION 
TEST AND THE STANDARD MACRO TUBE AGGLUTINATION 
TEST IN THE DETERMINATION OF BRUCELLA 
CANIS ANTIBODIES
Comparison TestMicroti te r Standard Tube
Antigen Same Same
Calculation of f in a l  
serum d ilu tion Same Same
Diluent 0.85% saline 3.5% saline
T ite r  determination Agglutination Clearing of 
supernate
Total volume per tube 0.075 ml 1.0 ml
Final d i lu t io n  of serum 1 :5 ,1 :1 2 . . .1 :7 6 8 1 :8 ,1 :16 ...1 :1024
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TABLE 3
AGGLUTINATION-ABSORPTION TESTS TO DETERMINE 
SPECIFICITY OF BRUCELLA CANIS ANTIGEN
Serum No.
B. canis t i t e r  
before absorption
B. canis t i t e r  
a fte r  absorption^
345 8) o ' Qb
377 8) 0 0
210 8) 1:6 0
214 8) 1:6 0
233 8) 1:6 0
305 8) 1:6 0
328 8) 1:6 0
342 8) 1 :12 0
344 8) 1 :12 0
271 8) 1:24 0
306 8) 1:24 0
16 8) 1:48 0
170 8) 1 :48 0
168 8) 1 :96 0
329 8) 1 :96 0
24 8) 1:192 0
77 8) 1:192 0
Sera absorbed with B^. canis antigen.
No agglutination.
1 0 0
TABLE 4
AGGLUTINATION-ABSORPTION TESTS TO DETERMINE SPECIFICITY 
OF BRUCELLA CANIS ANTIGEN USING OTHER 
BACTERIAL ANTIGENS*
Serum No.
B. canis t i t e r  
before absorption
Reaction with 
other antigens
B. Canis t i t e r  
a fte r  absorption
210 8) 1 6 1:6
214 8) 1 6 + 1:6
233 8) 1 6 oc 1:6
305 8) 1 6 + 0
342 8) 1 12 0 1:12
344 8) 1 12 + 1:12
271 8) 1 24 + 1:24
306 8) 1 24 + 1:24
16 8) 1 48 0 1:48
170 8) 1 48 + 1:24
168 8) 1 96 + 1 :96
329 8) 1 96 + 1:96
24 8) 1 192 + 1:96
77 8) 1 192 + 1:192
Pooled Typhoid H ( f la g e l la r  d ) .  Salmonella Grp. D (typhoid 0, 
somatic 9, 12), Paratyphoid B ( f la g e l la r  b, 12), Brucella abortus, 
Francisella tu la rens is , Proteus 0X19.
^Agglutination.
'No agglutination.
1 0 1
TABLE 5
CLASSES OF BRUCELLA CANIS IMMUNOGLOBULINS IN HUMAN 
SERA USING FLUORESCENT TECHNIQUES
Antigen
Anti sera
IgM
IgM
Control IgG
IgG
Control igA
Untreated® 0^ 0 0 0 0
Adult -  1 :192 t i t e r 0 +/od 0 0
Adult - 1:96 t i t e r + 0 +/0 0 0
Adult -  1:6 t i t e r +/0 0 0 0 0
Adult -  0 t i t e r 0 0 +/0 0 0
Newborn -  1:124 t i t e r 0 0 +/0 0 0
Not treated with serum, 
N^o fluorescence.
'Positive fluorescence.
Questionable fluorescence.
1 0 2
TABLE 6
COMPARISON OF PAIRED SERA REACTED WITH BRUCELLA CANIS 
AND BRUCELLA ABORTUS ANTIGEN
B. canis B. abortus Antigen
Antigen Positive® Negative^ Total
Positive^ 55 732 787
Negative^ 9 376 385
Total 64 1,108 1,172
1:12 or greater antibody t i t e r .
1:6 or less antibody t i t e r .
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TABLE 7
MICROTITER PLATE AGGLUTINATION TECHNIQUE COMPARED TO A 
STANDARD MACRO TUBE AGGLUTINATION TECHNIQUE
Mi croti te r Standard Test
Test Positive^ Negative^ Total
Positi ve^ 24 2 26
Negative^ 1 12 13
Total 25 14 39
1:16 or greater antibody t i t e r .
^1:8 or less antibody t i t e r ,
'1:12 or greater antibody t i t e r .
^1:6 or less antibody t i t e r .
S e n s it iv ity  = 96.0 percent 
S p ec if ic ity  = 85.7 percent
TABLE 8
RANDOM SAMPLE OF BRUCELLA CANIS INFECTED^ AND NON-INFECTED^
SUBJECTS WITH AN AVERAGE EXPOSURE TO DOGS,
BY AGE AND SEX
Total Popu 
la tion
Infected Total Popu 
lationcMales Females Total
15-24
25-34
35-44
45-54
55-64
Total 100.0 00.0 100.0 100.0100.0 100.0 100.0 00.0
o4^
= 0.8161 p = Not S ign ificant
^ d f )
^1:12 and 1:48 or greater antibody t i t e r .  
^0 antibody t i t e r .
l4df) = 2.3457 p = Not S ignificant
'Population from which random sample was selected,
TABLE 8
RANDOM SAMPLE OF BRUCELLA CANIS INFECTED® AND NON-INFECTED^
SUBJECTS WITH AN AVERAGE EXPOSURE TO DOGS,
BY AGE AND SEX
Infected Total
---------- f
Popu- Non-Infected Total Popu-
Males Females Total la tion Males Females To tal 1ationc
Age No. % No. % No. % No. % No. % No. % No. % No. %
3-14 2 3.1 3 3.5 5 - 23 - 2 2.6 1 1.4 3 - 8 -
15-24 24 37.5 43 50.0 67 - 341 - 13 16.7 18 25.0 31 - 116 -
25-34 18 28.1 20 23.3 38 25.3 213 26.3 28 35.9 19 26.4 47 31.3 131 29.8
35-44 11 17.2 9 10.5 20 13.3 113 13.9 14 17.9 10 13.9 24 16.0 64 14.5
45-54 5 7.8 6 6.9 11 7.3 61 7.5 11 14.1 12 16.7 23 15.3 54 12.3
55-64 4 6.3 2 2.3 6 - - - 6 7.7 6 8.3 12 - 35 -
65+ 0 0 3 3.5 3 - - - 4 5.1 6 8.3 10 - 32 -
Total 64 100.0 86 100.0 150 100.0 814 100.0 78 100.0 72 100.0 150 100.0 440 100.0
o4^
'2 = 0.8161 p = Not S ign ificant
"pdf)'
1:12 and 1:48 or greater antibody t i t e r .  
0^ antibody t i t e r .
p = Not S ign ificant
"Population from which random sample was selected.
TABLE 9
QUESTIONNAIRE RESPONSE OF BRUCELLA CANIS INFECTED'
AND NON-INFECTED^ SUBJECTS WITH AN AVERAGE
EXPOSURE TO DOGS, BY AGE AND SEX
Infected Non-Infected
Males Females Total Males Females Total
Age No. % No. % No. % No. % No. % No. %
3-14 0 0 2 8.3 2 4.7 0 0 0 0 0 0
15-24 5 26.3 7 29.2 12 27.8 3 9.7 4 14.8 7 12.1
25-34 7 36.8 7 29.2 14 32.5 14 45.1 7 25.9 21 36.2
35-44 3 15.8 2 8.2 5 11.7 10 32.3 7 25.9 17 29.3
45-54 3 15.8 4 16.7 7 16.3 4 12.9 5 18.6 9 15.6
55-64 1 5.3 1 4.2 2 4.7 0 0 2 7.4 2 3.4
65+ 0 0 1 4.2 1 2.3 0 0 2 7.4 2 3.4
Total 19 100.0 24 100.0 43 100.0 31 100.0 27 100.0 58 100.0
o<ji
1:12 and 1:48 or greater antibody t i t e r .
0 antibody t i t e r .
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TABLE 10
QUESTIONNAIRE RESPONSE ACCORDING TO BRUCELLA CANIS 
INFECTED SUBJECTS ( CASESAND CONTROLSb
Questionnaire Subjects
Response Cases Controls Total
Yes 43 (28.7)C 58 (38.7) 101
No 107 (71.3) 92 (61.3) 199
Total 150 (100.0) 150 (100.0) 300
3.3584 0.10
1:12 and 1:48 or greater antibody t i t e r .  
0^ antibody t i t e r  -  Not infected.
'P ercent o f t o t a l .
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APPENDIX C
I Hh UNIVhKSITY HOSPITAL • SWI N .I . I 3 lh  S iro c i O k lahom a C ity , O klahom a 73190
M E M O R A N D U M
TO: Whom i t  May Concern
FROM: Jeptha W. Dalston, Ph.D.
Hospital Administrator
DATE: August 10, 1973
SUBJECT: Authorization fo r  Access to Medical Records
This is an authorization to allow Mr. Patrick Monroe, a candidate for  
the Doctor of Public Health degree in the Department of B iostatistics  
and Epidemiology, access to medical charts for the purpose of gathering 
basic epidemiologic data; such as age, sex, race, occupation, and place 
of residence. This information w i l l  be used in the s t r ic te s t  confidence 
and w i l l  form the basis of his dissertation topic fo r  the doctorate 
degree.
Your cooperation w i l l  be appreciated.
JWD:sn
cc: Mr. Pat Monroe
Stan S ilberg, Ph.D.
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APPENDIX D
, DEPARTMENT OF
i nC BIOSTATISTICS AND EPIDEMIOLOGY
^n iversityo f Oklahoma Health Sciences Center
Post OMIce Box 26901 0k lshorn* City, Okishom* 73190
January 16, 1974
Edward Frohlich, M.D., Chairman 
Human Experimentation Committee 
Office o f Research Administration 
Room 120, Medical School Building
Dear Doctor Frohlich:
I am a candidate for the Doctor of Public Health Degree in the Depart­
ment of B iosta tis tics  and Epidemiology. The t i t l e  of iny dissertation  
topic is  "A Sero-epidemiologic Investigation of Brucella canis Antibodies 
in Specified Human Populations in Oklahoma". The principal investigators  
are myself. Dr. Stanley S ilberg, Professor o f  B iosta tis t ics  and Epidemio­
logy, and Dr. Patrick Morgan, Commissioner's O ff ic e , State Health Depart­
ment.
The study consists of obtaining discarded sera that were submitted to 
the C lin ical Serology Laboratory of University Hospital for routine 
syphilis  serologies and using these same sera fo r  the determination of  
antibodies to Brucella canis.
At the time the study was in i t ia te d  i t  was not known that there had to  
be an approval by the HEC to do additional tests on sera that was to be 
discarded. Since i t  was not known whether the results would be encour­
aging when the project was started, a decision to send questionnaires to 
individuals in the study was not decided upon. However, the results have 
been quite encouraging, and i t  was concluded that questionnaires would 
be beneficial in order to gather data as to the degree of exposure to 
dogs of a random sample of those people with no antibodies to the orga­
nism compared to those with antibodies. A w ritten  consent form w i l l  be 
obtained from everyone who is sent a questionnaire.
There w i l l  be no risk to the subjects involved because the blood has 
already been drawn for other tests that were requested by the physician 
and no additional blood w i l l  be drawn sp ec if ica lly  fo r  the proposed in ­
vestigation. The potential benefits from the proposed research study is 
discussed in the protocol and is summarized on page 17.
The approval o f  this investigation by the Human Experimentation Committee 
would be greatly  appreciated.
Respectfully submitted.
Patrick Monroe
Doctor of Public Health Candidate 
Department of B iosta tis t ics  and 
PM:nba Epidemiology Tel: 271-5521
1 1 0
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APPENDIX E
The
^niversityof Oklahoma Health Sciences Center
Post O ffice Box 26901 Okli»hona City. Oklflhomn 73190
HUMAN EXPERIM ENTATIO N CO M M ITTEE  
Research Affairs O ffice  
M edical School Buildmg  
600 N E. 13th Street
January 31, 1974 
Patrick Monroe
A Sero-epidemiologic Investigation  
of Brucella canis Antibodies in 
Specified Human Populations in 
Oklahoma
APPROVED -  January 28, 1974 by the 
Human Experimentation Committee
Patrick Monroe 
Department o f  B iosta tis tics  
and Epidemiology
Dear Mr. Monroe:
The Human Experimentation Committee reviewed and approved 
the captioned application which w ill  involve human subjects in accor­
dance with the assurance approved by the Public Health Service.
I t  is the opinion of this Committee tha t the rights and 
welfare of the individuals who are to be studied w i l l  be completely 
respected; that informed consent w i l l  be obtained in a manner con­
sonant with the Surgeon General's d irec tive  o f February 8, 1956, 
and that the risks to the individual as well as the potential medi­
cal benefits from the proposal fu l ly  warrant i t s  being carried out.
Sincerely yours.
Edward D. Frohlich, M.D.
Chai rman
Human Experimentation Committee
mn
cc: Dr. William E. Brown, Jr. 
Dr. John R. Sokatch
1 1 2
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APPENDIX F
nrUp DEPARTMENT OF
*  BIOSTATISTICS AND EPIDEMIOLOGY
^ n im rs ity o f Oklahoma Health Sciences Center
Post Offtcu Box 26901 O klahom a City. Oklahoma 73190
Enclosed is a short questionnaire concerning your exposure to dogs.
The questionnaire w i l l  be s t r ic t ly  confidential and w ill  be used solely  
for the purpose of gathering data for a research study at the University  
of Oklahoma Health Sciences Center.
Blood was withdrawn from you while you were a patient or a blood donor 
at the University Hospital or Children's Hospital fo r  tests requested 
by your physician. This blood, before being discarded, was used for  
additional testing as part of a research study. The results of th is  
research tes t in no way a ffect your health status or that of your pets. 
As a resu lt  of your cooperation in this study, i t  may be possible in 
the future to develop a new test in order to diagnose disease.
The questionnaire should take only a few minutes to complete, and the 
information gathered w il l  be of great value. Please answer a ll of the 
questions and feel free to comment on any that seem unclear.
However, you are not required to complete the questionnaire, and are 
free to withdraw from the study at any time. I f  you do wish to p a r t i ­
cipate in the research study, please read and sign the consent form 
statement, and then please return the completed questionnaire and the 
signed consent form in the pre-addressed and stamped envelope provided.
Any inquiries concerning the study may be taken to the Office of 
Research Administration in Room 120 of the Medical School Building, 
telephone 271-4690.
Your cooperation w il l  be greatly appreciated.
Sincerely,
Patrick Monroe
(Doctor of Public Health Candidate) 
Department of B iostatistics  
and Epidemiology
PM:ba
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Consent Form
By signing th is  consent form, I voluntarily  consent to p a r t ic i ­
pate in the following investigation , "A Sero-epidemiologic Investigation  
of Brucella canis Antibodies in Specified Human Populations in Oklahoma". 
I understand my partic ipation  is o f  no risk to me and may prove benefi­
c ial in advancing medical knowledge. By signing th is  consent form, I 
have not waived any of my legal rights or released this in s t i tu t io n  from 
l i a b i l i t y  or negligence. I may revoke my consent and withdraw from this  
study a t  any time.
(Signature of patien t, subject or guardian
1. Name : (Last)_______________________________(F irs t )____________
2. Date of b ir th :  3. Male Female
mo. day yr .
4. Usual occupation: _________________
5. Do you now have a dog(s)? Yes ____ No ____  6. How many?
7. I f  yes, for how long have you had a dog(s)? __________________
8. Is the dog(s) prim arily  an inside house dog? Yes ____  No
9. Sex of dog: male_____  female   10. Breed of dog:_
11. Is dog(s) prim arily  an outside dog? Yes ____  No_____
12, Sex of dog: male_____  female   13. Breed of dog:
14. I f  any of dogs are female, have they ever aborted (had dead
puppies)? Yes ____  No_____
15. I f  you do not now have a dog(s), have you ever had one? Yes  No__
16. I f  yes, how long ago? ________  17. For how long did you have
the dog? __________________
18. I f  the dog was female, did she ever abort (have dead
puppies)? Yes ____  No ____
19. I f  you do not now have a dog, how often are you now in close
contact with other peoples' dogs?
None ______  Rarely_______  Occasionally ______  Daily
